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» 


TO  THE 


THIRD  AMERICAN  EDITION. 


In  presenting  this  translation  of  the  eighth  German  edition  of 
V.  Richter's  **  Organic  Chemistry  "  the  writer  has  little  to  add  to  what 
has  previously  been  expressed  in  the  prefaces  to  the  preceding  Ameri- 
can editions  of  this  most  successful  book.  The  student  of  the  present 
edition  will,  however,  very  quickly  discover  that  the  subject  matter, 
so  ably  edited  by  Professor  AnschOtz,  is  vastly  different  from  that 
given  in  the  earlier  editions.  Indeed,  the  book  has  sustained  very 
radical  changes  in  many  particulars,  and  certainly  to  its  decided  ad- 
vantage. The  marvelous  advances  in  the  various  lines  of  synthetic 
organic  chemistry  have  made  many  of  the  changes  in  the  text  abso- 
lutely necessary,  and  for  practical  reasons  it  has  seemed  best  to  issue 
this  new  edition  in  two  volumes. 

Eminent  authorities,  such  as  Profs,  v.  Baeyer,  E.  Fischer,  Waitz, 
Claisen,  and  others,  have  given  the  editor  the  benefit  of  their  super- 
vision of  chapters  relating  to  special  fields  of  investigation  in  which 
they  are  the  recognized  authorities. 

The  translator  here  acknowledges  his  great  indebtedness  to  his  pub- 
lishers, P.  Blakiston's  Son  &  Co.,  for  their  constant  aid  in  his  work, 
as  well  as  to  Messrs.  Wm.  F.  Fell  &  Co.,  for  the  care  they  have  taken 
and  the  skill  they  have  displayed  in  the  composition  of  what  will  gen- 
erally be  admitted  to  be  a  difficult  piece  of  typography. 


PREFACE  TO  SECOND  EDITION. 


The  ine^nt  American  edition  of  v.  Richter's  "  Organic  Chemistry 
»<il  \k  found  to  differ  very  considerably,  in  its  arrangement  and  size, 
(r<Hn  the  first  edition.  The  introduction  contains  new  and  valuable 
J^'iitiont  upon  analysis,  the  determination  of  molecular  weights, 
rtiijt:ni  theories  on  chemical  structure,  electric  conductivity,  etc. 
The  Mrction  devoted  to  the  carbohydrates  has  been  entirely  rewritten, 
and  presents  the  most  recent  views  in  regard  to  the  constitution  of 
this  interesting  group  of  compounds.  The  sections  relating  to  the 
triniethylene,  tetramethylene,  and  pentamethylene  series,  the  fur- 
furane,  pyrrol,  and  thiophene  derivatives,  have  been  greatly  enlarged, 
while  the  subsequent  chapters,  devoted  to  the  discussion  of  the  aro- 
matic compounds,  are  quite  exhaustive  in  their  treatment  of  special  and 
important  groups.  Such  eminent  authorities  as  Profs.  Ostwald,  von 
Baeyer,  and  Emil  Fischer  have  kindly  supervised  the  author's  pre- 
sentation of  the  material  drawn  from  their  special  fields  of  investiga- 
tion. 

The  characteristic  features  of  the  first  edition  have  been  retained, 
so  that  the  work  will  continue  to  be  available  as  a  text-book  for  gen- 
eral class  purposes,  useful  and  reliable  as  a  guide  in  the  preparation  of 
organic  compounds,  and  well  arranged  and  satisfactory  as  a  refer- 
ence volume  for  the  advanced  student  as  well  as  for  the  practical 
chemist. 

The  translator  would  here  express  his  sincere  thanks  to  Prof.  v. 
Richter,  whose  hearty  cooperation  has  made  it  possible  for  him  to 
issue  this  translation  so  soon  after  the  appearance  of  the  sixth  German 
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PREFACE 


TO  THE 


FIRST  AMERICAN   EDITION, 


The  favorable  reception  of  the  American  translation  of  Prof,  von 
Richter's  "Inorganic  Chemistry"  has  led  to  this  translation  of  the 
**  Chemistry  of  the  Compounds  of  Carbon,"  by  the  same  author.  In 
it  will  be  found  an  unusually  large  amount  of  material,  necessitated 
by  the  rapid  advances  in  this  department  of  chemical  science.  The 
portions  of  the  work  which  suffice  for  an  outline  of  the  science  are 
presented  in  large  type,  while  in  the  smaller  print  is  given  equally 
important  matter  for  the  advanced  student.  Frequent  supplementary 
references  are  made  lo  tne  various  journals  containing  original  arti- 
cles, in  which  details  in  methods  and  fuller  descriptions  of  properties, 
etc.,  may  be  found.  The  volume  thus  arranged  will  answer  not  only 
as  a  text-book,  and  indeed  as  a  reference  volume,  but  also  as  a  guide 
in  carrying  out  work  in  the  organic  laboratory.  To  this  end  numerous 
methods  are  given  for  the  preparation  of  the  most  important  and  the 
m  st  characteristic  derivatives  of  the  different  classes  of  bodies. 
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ORGANIC  CHEMISTRY, 


INTRODUCTION. 

While  inorganic  chemistry  was  primarily  developed  through  the 
investigation  of  minerals,  and  was  in  consequence  termed  mineral 
chemistry^  it  may  be  said  that  the  development  of  organic  chemistry 
was  due  to  the  study  of  products  resulting  from  the  alteration  of  plant 
and  animal  substances.  About  the  close  of  the  last  century  Lavoisier 
demonstrated  that,  when  the  organic  substances  present  in  vegetable 
and  animal  organisms  were  burned,  carbon  dioxide  and  water  were 
always  formed.  It  was  this  chemist  also  who  showed  that  the  com- 
ponent elements  of  these  bodies,  so  different  in  properties,  were 
generally  carbon,  hydrogen,  and  oxygen,  to  which  sometimes — 
especially  in  animal  substances — nitrogen  was  added.  Lavoisier 
further  gave  utterance  to  the  opinion  that  peculiarly  constituted 
atomic  groups,  or  radicals,  were  to  be  accepted  as  present  in  organic 
substances;  while  the  mineral  substances  were  regarded  by  him  as  the 
direct  combinations  of  single  elements. 

As  it  seemed  impossible,  for  a  long  time,  to  prepare  organic  bodies 
from  the  elements  synthetically,  the  opinion  prevailed  that  there 
existed  an  essential  difference  between  organic  and  inorganic  sub- 
stances; and  this  led  to  the  distinction  of  the  chemistry  of  the  first  as 
Organic  Chemistry,  and  that  of  the  second  as  Inorganic  Chemistry. 
The  prevalent  opinion  was,  that  the  chemical  elements  in  the  living 
bodies  were  subject  to  other  laws  than  those  in  the  so-called  inanimate 
nature,  and  that  the  organic  substances  were  formed  only  in  the 
organism  by  the  intervention  of  a  peculiar  vital  force,  and  that  they 
could  not  possibly  be  prepared  in  an  artificial  way. 

One  fact  sufficed  to  prove  these  rather  restricted  views  to  be  un- 
founded^  The  first  organic  substance  artificially  prepared  was  urea 
2  17 
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(Wohler,  1828).  By  this  synthesis  chiefly,  to  which  others  were  soon 
added,  the  idea  of  a  peculiar  force  necessary  to  the  formation  of 
organic  compounds  was  contradicted.  All  further  attempts  to  separate 
organic  substances  from  the  inorganic  (the  chemistry  of  the  simple 
and  the  chemistry  of  the  compound  radicals,  p.  34)  were  futile.  At 
present  we  know  that  these  do  not  difler  essentially  from  each  other ; 
that  the  jxrculiarities  of  organic  compounds  are  dependent  solely  on 
the  nature  of  their  essential  constituent,  Carbon;  and  that  all  sub- 
stances l^longing  to  plants  and  animals  can  be  artificially  prepared 
from  the  elements.  Organic  Chemistry  is,  therefore,  the  chemistry  of 
the  carbon  compounds.  Its  separation  from  the  chemistry  of  the  other 
elements  is  demanded  by  practical  considerations;  it  is  occasioned  by 
the  very  great  number  of  carbon  compounds  (about  60,000.  See  B. 
29,  607),  which  far  exceed  those  of  any  other  known  element.  The 
vJi^\ii}li  atoms  unite  readily  with  each  other  to  form  open  and  closed 
rings  or  chains.  This  property  carbon  possesses  to  a  greater  degree 
than  any  other  element.  The  numerous  existing  carbon  nuclei  in 
which  atoms  or  atomic  groups  of  other  elements  have  entered  in  the 
formation  of  organic  derivatives  have  arisen  in  this  manner. 

The  impetus  given  to  the  study  of  the  compounds  of  carbon  has  not 
only  brought  new  industries  into  existence,  but  it  has  caused  the  rapid 
development  of  others  of  like  importance  to  the  growth  and  welfare 
of  the  nation.* 

The  advances  of  organic  chemistry  are  equally  important  in  the  inyestigation  of 
the  chemical  processes  in  vegetable  and  animal  organisms.  This  is  the  office  of 
Phyiiological  Chemistry, 


COMPOSITION  OF  CARBON  COMPOUNDS. 

ELEMENTARY  ORGANIC  ANALYSIS. 

Most  carbon  compounds  occurring  in  vegetables  and  animals  con- 
sist of  carbon,  hydrogen,  and  oxygen.  This  was  demonstrated  by 
Lavoisier,  the  founder  of  organic  elementary  analysis.  Many,  also, 
contain  nitrogen,  and  on  this  account  these  elements  are  termed 
Organogens.  Sulphur  and  phosphorus  are  present  in  some  naturally 
occurring  substances.  Almost  all  the  elements,  non*metals  and  metals, 
may  be  artificially  introduced  as  constituents  of  carbon  compounds  in 
direct  union  with  carbon.  The  number  of  known  carbon  compounds 
is  exceedingly  great.  The  general  procedure,  therefore,  of  isolating  the 
several  compounds  of  a  mixture,  as  is  done  in  mineral  chemistry  in  the 
separation  of  bases  from  acids,  is  impracticable.  The  mixtures  occur- 
ring in  vegetable  and  animal  bodies  are  only  separated  by  special 
methods.     The  task  of  elementary  organic  analysis  is  to  determine, 

*  WirthschafUiche  Bedentung  chemischer  Albeit,  von  H.  Wichelhans,  1893. 
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qualitatively  and  quantitatively,  the  elements  of  a  carbon  compound 
sifter  it  has  been  obtained  in  a  pure  state  and  characterized  by  definite 
properties,  crystalline  form,  specific  gravity,  melting  point,  and  boiling 
point.  Simple  practical  methods  for  the  direct  determination  of 
oxygen  do  not  exist.  Its  quantity  is  usually  calculated  by  difference, 
after  the  other  constituents  have  been  found. 


DETERMINATION  OF  CARBON  AND  HYDROGEN. 

The  presence  of  carbon  in  a  substance  is  shown  by  its  charring  when 
ignited  away  from  air.  Ordinarily  its  quantity,  as  also  that  of  the 
hydrogen,  is  ascertained  by  combustion.  The  substance  is  mixed  in 
a  glass  tube  with  copper  oxide  and  heated.  The  cupric  oxide  gives  up 
its  oxygen,  is  reduced  to  metallic  copper,  while  the  carbon  burns  to 
carbon  dioxide,  and  the  hydrogen  to  water.  In  quantitative  analysis, 
these  products  are  collected  in  separate  vessels,  and  the  increase  in  the 
weight  of  the  latter  determined.  Carbon  and  hydrogen  are  always 
simultaneously  determined  in  one  operation.  The  details  of  the  quan- 
titative analysis  are  fully  described  in  the  text  books  of  analytical 
chemistry.*  It  is  only  necessary  here,  therefore,  to  outline  the  meth- 
ods employed.  Liebig  deserves  much  credit  for  his  elaboration  of 
these  methods  (Pogg.  A.  (1831),  2Z,  1). 

As  a  usual  thipg,  the  combustion  is  effected  by  the  aid  of  copper  oxide  or  fused 
and  granulated  lead  chromate  in  a  tube  of  hard  glass,  fifty  to  sixty  centimetres  long 
(depending  upon  the  greater  or  less  ▼olatility  of  the  organic  body).  Substances,  which 
bom  with  dimcnlty,  should  be  mixed  with  finely  divided  cupric  oxide,  finely  divided 
lead  chromate,  or  with  cupric  oxide  to  which  potassium  bichromate  has  been  added. 

The  combustion  tube  is  drawn  into  a  point,  and  the  contracted  end  given  a  bayonet- 
shape  (Liebig),  or  it  is  open  at  both  ends  fGIaser,  A.  Suppl.  7,  213).  CloCz  has 
also  suggested  the  use  of  an  iron  tube  (Z.  anal.  Ch.  a,  413). 

The  tube  is  placed  in  a  suitable  furnace,  which  formerly  was  heated  by  a  charcoal 
fire,  but  at  present  gas  is  exclusively  employed  (A.  W.  Hofmann,  A.  90,  235  ;  107, 
37;  Erlenmeyer,  Sr.,  A.  139,  70;  Glaser,  /.  c. ;  AnschQtz  and  Kekul6,  A.  flsS, 
301:  B.  25,2723). 

When  the  tube  has  been  filled,  the  open  end'  is  attached  to  an  apparatus  designed 
to  collect  the  water  produced  in  the  combustion.  The  substances  used  to  retain  the 
nobture  are : 

1.  A  U-tube  filled  with  carefully  purified  calcium  chloride,  which  has  been  dried 
atiSo^C. 

2.  Pure,  concentrated  sulphuric  acid  contained  in  a  spiral -shaped  tube,  or  pumice 
firagments,  dipped  in  the  acid,  and  placed  in   a   U-tube   (Mathesius,   Z.  anal.  Ch. 

as*  345). 

3.  Pellets  of  glacial  phosphoric  acid,  contained  in  a  U-tube.     The  vessel  intended 

to  receive  the  water  is  in  air-tight  connection  with  the  apparatus  designed  to  absorb 
the  carbon  dioxide.  For  the  latter  purpose  a  Liebig  bulb  was  formerly  employed, 
bat  later  that  of  Geissler  came  into  use,  and  very  recently  Delisle  (B.  24,  271)  has 
recommended  a  similar  absorption  vessel.     In  commercial  work  U -tubes,  filled  with 

*Anleitang  zur  Analyse  organischer  Kdrper,  J.  Liebig.  2.  Aufl.  1853. 
QnantitatiTe  chemische  Analyse,  R.  Fresenius.  6.  Aufl.,  Bd.  2,  S.  I-ilo. 
Qiemische  Analyse  organischer  Stoffe,  von  Vortmann. 


M  ORCAMIC  CHKHI3TST. 

gnoalaled    toda-Hine,  are  nJtitnted  for  the  cotfooury  bolbi  (Mnldrr,  Z.  anaL 


Ch.  1 


*)■ 


Wben  ihe  combiulioD  U  fioUhed,  axygen  bv«  from  catboo  dioxide  b  forced  ii 
Ihe  combuuioD-Iabe,  or  dnwn  throogh  it  by  mram  of  an  upirator ;  ur  being  mb> 
luted  for  it  luer,  with  the  preootioD  that  Ilw  piecei  of  apprntoi  •erring  to  diy  ibe 
oxygea  uidair  are  filled  with  the  tame  material  which  waitued  intlie  w —  -•----•■-- 
lubea.     Ai  iood  at  the  eatire  lyitem  ii  tilled  with  ai 


of  the  weighed  nbdaDce,  and  the  increaic  in  weight  of  the  bnlba  the  quantity  of 
caibon  dioxide.  Knowing  the  compoiitioD  of  wkter  and  catbon  dioxide,  the  qwuidty 
of  utbon  and  hydrogea  containtd  in  the  bamt  *ub*taiic«  can  readily  be  calculated 
in  percentage. 

F^.  I  rcprewnt*  one  end  of  a  combtutim  fitroace  of  th«  type  deviaed  by  Kckoli 


and  Anichilti  (A.  aiS,  301).  In  ll  lies  the  combustion  tube  V.  Thji  is  connected 
with  a  Klingcr  calcium  chloride  lube  A  1  B  Is  «  Gcisslcr  poush -bulb,  joined  lo  a 
U-lnba  C,  one  limb  of  whicli  It  tilled  with  pieces  of  slick  potash,  and  the  other  with 
calcium  chloride,  ii  r«'presenis  mica-pUles ;  Ihese  peimit  of  ■  careful  obserration 
of  the  flame.  E  is  a  upctlun  of  llie  iron  lube  in  which  Ihe  combustion  tube  V  rests. 
T  is  a  tide  ctay-cover  plarpil  over  ihe  mica-strips.  U  is  a  clay-cover  for  the  top.  R  ia 
the  gutter  inio  wliich  the  gai  |ii]>e,  bearing  the  burners,  can  be  placed  or  fitxn 
which  it  can  be  rerouveil  fur  repair,  etc. 

Fig.  I  also  shows,  alxive  llic  combustion  lube.  Ihe  anterior  portion  of  a  similar 

tnbc,  prorided  with  a  Uirtll  and  roilll  I  A.  tSS,  3S5)  calcium  chloride  tube,  in  which 

ihr  innTcment  of  a  droit  of  wairr  rnablei  the  analytt  10  determine  Ihe  rapidity  of  the 

'on.      B'  is  a  Utube  tilleil  with  ■oda  lime  and  provided  with  ground  glass 

C  is  a  similar  lube,  tilled  one-half  with  loda-lime  and  one-half  with 

if  oiidiiing  Ihe  organic   subaiaace  with  the  comUned  oxygen  of  cnpric 
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oxide  or  lead  chromate  the  method  of  Kopfer  may  be  substituted.  In  this  platinum 
black  is  made  to  cany  free  oxygen  to  the  vapors  of  the  substance.  A  much  shorter 
and  more  simple  combustion  furnace  may  then  be  employed.  The  method  is  adapted 
to  the  combustion  of  compounds  containing  the  halogens  (Z.  anal.  Ch.  zy,  i). 
Dudley  has  found  that  a  platinum  tube,  having  a  layer  of  granular  manganic  oxide 
in  the  anterior  part,  is  of  great  service  when  substances  are  placed  in  boats  and  ex- 
posed to  combustion  (B.  az,  3172). 

When  nitrogen  is  present  in  the  substances  burned,  oxides  of  it  are  sometimes 
produced ;  these  must  be  reduced  to  nitrogen.  This  may  be  accomplished  by  con- 
ducting the  gases  of  the  combustion  over  a  layer  of  metallic  copper  filings,  or  a 
copper  spiral,  placed  in  the  front  portion  of  the  combustion  tube.  The  latter,  in 
such  casesv  should  be  a  little  longer  than  usual.  The  copper  is  previously  reduced 
in  a  current  of  hydrogen,  then  ignited,  when  it  often  includes  hycurogen,  which  sub- 
sequently becomes  water.  To  remedy  this,  the  copper  after  reduction  in  a  current 
of  hydrogen  is  heated  in  an  air-bath  or,  better,  in  a  current  of  carbon  dioxide  or  to 
200®  in  a  vacuum.  Its  reduction  by  the  vapors  of  formic  add  or  methyl  alcohol  is 
more  advantageous ;  this  may  be  done  by  pouring  a  small  quantity  of  diese  liquids 
into  a  dry  test  tube  and  then  suspending  in  them  the  roll  of  copper  heated  to  redness ; 
copper  thus  reduced  is  perfectly  free  from  hydrogen. 

It  is  generally  unnecessary  to  use  a  copper  spiral  when  the  combustions  are 
executed  in  open  tubes,  because  nitric  oxide  (NO)  only  is  produced,  and  this  passes 
through  the  caustic  potash  unabsorbed  (B.  93,  3066,  note). 

In  the  presence  of  chlorine,  bromine  or  iodine,  halogen  copper  compounds  (CuX) 
arise.  These  are  somewhat  volatile  and  pass  over  into  the  calcium  chloride  tube. 
The  placing  of  a  spiral  of  copper  or  silver  roil  in  the  front  part  of  the  tube  will  obvi- 
ate this.  When  the  organic  compound  contains  sulphur  a  portion  of  the  latter  will 
be  converted  into  sulphur  dioxide,  during  the  combustion  with  cupric  oxide.  Tbii 
maybe  combined  by  introducing  a  layer  of  lead  peroxide  (Z.  anal.  Ch.  zy,  i).  Or 
lead  chromate  may  be  substituted  for  the  cupric  oxide.  This  would  convert  the  sul- 
phur into  non-volatile  lead  sulphate.  In  the  combustion  of  organic  salts  of  the 
alkalies  or  earths,  a  portion  of  the  carbon  dioxide  is  retained  by  the  base.  To  pre- 
vent this  and  to  expel  the  CO,,  the  substance  in  the  boat  is  mixed  with  potassium 
bichromate  or  chromic  oxide  (B.  Z3,  1641). 

When  carbon  alone  is  to  be  determined  this  can  be  effected ,  in  many  instances,  in 
the  wet  way,  by  oxidation  with  chromic  acid  and  sulphuric  acid  (Messinger,  B.  az, 
2910;  compare  A.  273,  151). 
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In  many  instances,  the  presence  of  nitrogen  is  disclosed  by  the 
odor  of  burnt  feathers  when  heat  is  applied  to  the  compounds  under 
examination.  Many  nitrogenous  substances  yield  ammonia  when 
heated  with  alkalies  (best  with  soda-lime).  A  simple  and  very  delicate 
test  for  the  detection  of  nitrogen  is  the  following :  Heat  the  substance 
under  examination  in  a  test  tube  with  a  small  piece  of  sodium  or 
potassium.  When  the  substance  is  explosive,  add  dry  soda.  Cyanide 
of  potash,  accompanied  by  slight  detonation,  is  the  product.  Treat 
the  residue  with  water ;  to  the  filtrate  add  ferrous  sulphate,  containing 
a  ferric  salt,  and  a  few  drops  of  potassium  hydroxide,  then,  apply  heat 
and  add  an  excess  of  hydrochloric  acid.  An  undissolved,  blue- 
colored  precipitate  (Prussian  blue),  or  a  bluish-green  coloration,  indi- 
cates the  presence  of  nitrogen  in  the  substance  examined. 

Nitrogen  is  determined  quantitatively:  (i)  as  nitrogen,  by  the 
method  of  Dumas ;  {2d)  as  ammonia,  by  the  ignition  of  the  material 
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,t-».>l  v"^  **>"  •"'*  Varrentrap)  ;  (li)  as  ammonia, 
)iK!K.-c  with  suljihuric  acid  according  to  the  direc- 


,^,___ t1m>b^*'>^>  inUed  wilh  mpric  oxide,  ii  bumed  in  ■ 

■  '—'*'*'  *  re^**"  «»1  °'  **"'^  "  '  '■?"  °^  iiiet»llic  copper.  The 
^v  «  »"••■  ■i''"*  "_|»B,iv«  <^  t^  oiide»  of  nitrogon.  The  tube  ii  filled  with  cw- 
J.K.  _.»  "    *'  ^^.j^^tber  dry,  primuy  sodium  cuixinUe  or   magncsiie. 

v^  A  .-Av  -O'-**""  '^  --.Ttoed  end  of  Ihe  tube.  1 1  can  also  be  filled  from  ■ 
_.,,«-«  •  ^'  ■'■'**^Jii,  (ype  lecommendfd  by  Kreiuler  (Z.  uial.  Ch-  M. 
"^j^^_,  •.■«  ^'V***  ,««»  tube  ii  n>ed.  When  necesuiy  the  catboD  dioiide 
"  •,   i>*  *^'''  '~*^,^J  sulphuiic  acid.     A  more  practicable  procedure  con- 

^  j^w  >•  -"K*"!  .  .  ^j"  BfCTHM*  to  the  cmnbustion,  b;  aid  of  aa  air-pamp, 
._.   ri  ..- .-i*-^        ,■"■-„(«•  ,!i,.vU1l-   (A.  a33.  33°.  note),  or  the  air  may  be 

^^^^  ^  m^^  "  """  j^jl,!,  ,  ■  .  I  apply  heat  to  another  part  of  the  lodiDai 
^•i*  *•  ^ !!»>■""*  ^ni."  I     "'  •!'  ''"  nitrogen  from  the  tnbe  and  its 

^^1^^  ipw>.  ■f  ^^\  ^  ,1  1  .  .,ineler,  which  may  hiTe  one  of  a  Tariel]' of 
— I^*-'*'«t*^"Xy  !■  M.  10991  Schwan.  B.  13.  77ii  Lud-ig.  B. 
^^  ■*-■****  *  &(  su.  I. :  U.  «3.**43;  Gro»e»,  B.  13,1341;  lliulu, 
K  ^^^       *^  '     •i,,ii.i'i'ii  iiitbe  ([raduated  lessel  absorbs  all  the  dis- 


^  «»«.»^^ 


Ww     ^    i03.5?9!>i 


sure  /I  and  the  tensloo  j  of  the 
i,  564)  at  the  temperalDxe  I  of 
may  be  eaiil  j  deduced : 


-*$:.■ 


**'•*•• 


li-unceanalyied  can  easily  be  calcnlatedfrom 

IS  volume  V,  from  the  observed  barometric 
.  ..f  the  eipeiimenl,  10  the  normal  pressure  of 
I .  il  uction  may  be  more  readily  effected  by  com- 
i'»|X)r  with  the  eipaaiion  of  a  normal  gts- 
I  i)°.  For  this  purpose  employ  the  equation 
„iut^i<l>  ■'"■  '^l'»»e*<l  nonnal  Tolome  (100).    The  appaia- 

H 1^  ill.  17,  Vi)  and  Winkler  fB.  18,  1534).  or  eyen  the 

S^  H.  '<■'■'■■  349"  i.J'  A-  MllW,  B   26   k.  3^)  nilrom- 

I Ito  till*  l'"'!"""'  "'        iMf^*"  '"^f  be  collected  in  a  gai- 

I-  combustion  in  a  vacunm,  and  dispense  with 

iiur  portiot)  of  the  tube.     If  any  nitric  oxide 

ir  nitrogen,  and  is  subsequently  removed  by 
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For  the  simnltaneoas  determination  of  carbon  and  nitrogen,  see  Klingemann, 
A.  275, 92. 

2.  Method  of  Will  and  Varrentrap. — When  most  nitrogenous  organic  com- 
pounds (nitro-derivadTes  excepted)  are  ignited  with  alkalies,  all  the  nitrogen  is  elimi- 
nated in  the  form  of  ammonia  gas.  Mix  the  weighed,  finely  pulverixed  substance 
with  soda-lime  (about  10  parts),  place  the  mixture  in  a  combustion  tube  about  30  cm. 
in  length,  and  nil  in  with  soda-lime.  In  the  open  end  of  the  tube  there  is  placed  a 
rubber  stopper  bearing  a  bulb  apparatus,  in  which  there  is  dilute  hydrochloric  acid. 
The  anterior  portion  of  the  tube  is  first  heated  in  the  furnace,  thenUiat  containing  the 
mixtnre.  To  carry  all  the  ammonia  into  the  bulb,  conduct  air  through  the  tube,  after 
breaking  off  the  point.  The  ammonium  chloride  in  the  hydrochloric  acid  is  precipi- 
tated with  platinic  chloride,  as  ammonio-platinum  chloride  (PtCl4.2NH^Cl),  the 
precifHtate  ignited,  and  the  residual  Pt  weighed ;  i  atom  of  Pt  corresponds  to  2  mole- 
cules of  NH,  or  2  atoms  of  nitrogen. 

Or  having  placed  a  definite  volume  of  acid  in  the  apparatus,  the  excess  after  the 
ammonia  absorption  may  be  determined  volumetrically,  using  fluorescein  or  methyl 
orange  as  an  indicator. 

Generally,  too  little  nitrogen  is  obtained  by  this  method.  A  portion  of  the  ammo- 
nia suffers  decomposition.  This  is  avoided  by  adding  sugar  to  the  mixture  of  sub- 
stance and  soda-lime,  and  by  not  heating  the  tube  too  intensely  (Z.  anal.  Ch.  19, 91). 
It  is  also  advisable  to  fill  up  the  tube  with  soda-lime  as  far  as  is  possible  (Z.  anid.  Ch. 
22,  280). 

The  method  of  Will  and  Varrentrap  is  made  more  widely  applicable  by  adding 
reducing  substances  to  the  soda-lime.  Goldberg  (B.  z6,  2549)  uses  a  mixture  of 
soda-lime  (100  parts),  stannous  sulphide  (100  parts),  and  sulphur  (20  parts) ;  this  he 
considers  especially  advantageous  in  estimating  the  nitrogen  of  nitro-  and  azo-com- 
pounds.  For  nitrates,  Arnold  (B.  z8, 806)  employs  a  mixtiu^  of  soda-lime  (2  parts), 
sodium  hyposulphite  (l  part),  and  sodium  formate  (i  part). 

3.  Method  of  Kjeldahl. — The  substance  is  dissolved  by  heating  it  with  concen- 
trated sulphuric  acid.  Potassium  permanganate  is  then  added  until  a  green  color 
appears.  This  treatment  decomposes  the  organic  matter ;  its  nitrogen  is  converted 
into  ammonia.  Ailer  the  liquid  has  been  diluted  with  water  the  ammonia  is  expelled 
from  it  by  boiling  with  sodium  hydroxide  (Z.  anal.  Ch.  22,  366).  This  method  is 
well  adapted  for  the  determination  of  the  nitrogen  of  plants  and  animal  substances ; 
compare  urea.  When  estimating  the  nitrogen  of  nitro-  and  cyanogen  compounds  it 
will  be  found  decidedly  advantageous  to  add  sugar,  and  with  nitrates,  benzoic  acid. 
The  addition  of  potassium  permanganate  will  usually  be  unnecessary,  while  that  of 
mercuric  oxide  is  said  to  be  highly  advantageous  (B.  18,  R.  199,  297).  Pyridine  and 
quinoline  cannot  be  analyzed  by  this  methcxi  (B.  19,  R.  367,  368^. 

The  Kjeldahl  method  for  the  determination  of  nitrogen  has  rapidly  become  a  favo- 
rite in  boih  scientific  and  technical  work.  The  simplicity  of  operation  and  of  appa- 
ratus has  been  its  chief  recommendation.  A  number  of  parallel  determinations  can 
be  simultaneously  performed  in  this  way.  The  numerous  modifications  of  the 
method,  which  have  been  pn^x>sed  to  render  it  generally  applicable,  have  not  yet 
attained  their  aim  and  purpose. 

Note. — ^The  nitrogen  of  nitro-  and  nitroso-compounds  can  be  determined  indi- 
rectly with  a  titrated  solution  of  stannous  chloride.  The  latter  converts  the  groups 
NO,  and  NO  into  the  amide  group,  with  the  production  of  stannic  chloride.  The 
quantity  of  the  latter  is  learned  by  titrating  the  excess  of  stannous  salt  with  an 
iodine  solution  (Method  of  Limpricht,  B.  xi,  40). 
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QuaHtattve  Detection :  Substances   containing  chlorine  and  bro- 
mine yield,  when  burned,  a  flame  having  a  green-tinged  border.  The  fol- 
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«.     V  :tu:>i>  in  nitric  acid,  and 


»*«*,■ 


.    ^1  ♦•»   >v  fusing  the  substance 
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.-  >•  i*»v«  tvvr  lime  a  mixture  of  lime  with  ji^ 

'^      .  ,^^  KsiJite.  with  2  parts  potassium  nitrate, 
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V    195.  205  and    190,  40).     With  com- 

^  V  AM««;  bva  after  solution  of  the  mass  this 

K  ^^'•uaK'aic  method  of  Volhard  (A.  190,  I) 

w-.*Kv»miM  sulphocyanide  may  be  employed 

s.   v<»Kvt\Ni  by  ignition  with  iron,  ferric  oxide 
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^  *«  v*unI»  Aud  the  products  collected  in  suitable 
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»»  v»u',  u\io  l»«Hlirs  is  that  of  Carius  (Z.  anal. 

v^  isv^,  I  MMUMUiinn./M/.  XX,  325  >  Obermeyer, 
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The  substance,  weighed  out  in  a  small  glass  tube,  is  heated  together 
with  concentrated  nitric  acid  and  silver  nitrate  to  150-300^  C,  in  a 
sealed  tube,  and  the  quantity  of  the  resulting  silver  haloid  (B.  28,  R. 
478,  864)  stilphuric  acid  and  phosphoric  acid  determined.  The  furnace 
of  Babo  (B.  13,  1 219)  is  especially  adapted  for  the  heating  of  tubes. 
The  results  by  this  method  are  not  always  reliable  (A.  223,  184). 

In  many  instances,  especially  when  the  sul)stances  are  soluble  in 
water,  the  halogens  may  be  separated  by  the  action  of  sodium  amalgam, 
and  converted  into  salts,  the  quantity  of  which  is  determined  in  the 
filtered  liquid  (Kekul^,  A.  Suppl.  i,  340). 

Sulphur  and  phosphorus  can  often  be  estimated  by  the  wet  method. 
The  oxidation  is  effected  by  meaQS  of  potassium  permanganate  and 
caustic  alkali,  or  with  potassium  bichromate  and  hydrochloric  acid 
(Messinger,  B.  ax,  2914). 
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The  elementary  analysis  affords  the  percentage  composition  of  the 
analyzed  substance.  There  remains,  however,  the  deduction  of  the 
atomic- molecular  formula. 

We  arrive  at  the  simplest  ratio  in  the  number  of  elementary  atoms 
contained  in  a  compound,  by  dividing  the  percentage  numbers  by  the 
respective  atomic  weights  of  the  elements. 

Thus,  the  analysis  of  lactic  acid  gave  the  following  percentage  composition: — 

Carbon, 40.0  per  cent. 

Hydrogen, 6.6        " 

Oxygen, 53.4        ■«         (by  difference). 

100.  o 

DiTiding  these  nnmbers  by  the  corresponding  weights  (C  =  12,  H  =  i,  O  =  1 6), 
the  following  quotients  are  obtained : — 

1?L»=3.3        !:i  =  6.6        53^*  =  3.3 

12  I  16 

Therefore,  the  ratio  of  the  namber  of  atoms  of  C,  H  and  O,  in  the  lactic  acid,  is  as 
3.3:  6.6:  3.3  or  I:  2:  I.  The  simplest  atomic  formula,  then,  would  be  CH,0; 
howerer,  it  remains  undetermined  what  multiple  of  this  formula  expresses  the  true 
composition.  The  lowest  fonnula  of  a  compound,  by  which  is  expressed  the  ratio  of 
the  atoms  of  other  elements  to  those  of  the  carbon  atoms,  is  an  empiric  formula. 
Indeed,  we  are  acquainted  with  different  substances  having  the  empiric  formula 
CH,0,  for  example  oxymethylene,  CH,0,  acetic  acid,  CiH^O^t  lactic  acid,  CgH^O^, 
grape  sugar,  Cg H,,0(,  etc. 

With  compounds  of  complicated  structure,  the  derivation  of  the 

*Die  Bestimmung  des  Moleculargewtchts  in  theoretischer  und  practischer  Bezie- 
hnng,  von  K.  Windisch,  1892, 
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simplest  fonnula  is,  indeed,  unreliable,  because  various  formulas  may 
be  deduced  from  the  percentage  numbers  by  giving  due  regard  to  the 
possible  sources  of  error  in  olKervation.  The  true  molecular  fonnula, 
therefore,  can  only  be  ascertained  by  some  other  means.  Three 
courses  of  procedure  are  open  to  us.  First,  the  study  of  the  chemical 
reactions,  and  the  derivatives  of  the  substance  under  consideration. 
Second,  the  determination  of  the  vapor  density  of  volatile  substances. 
Third,  determioing  certaio  properties  of  the  solutions  of  soluble  sub- 
stances. 

(i)  DetermnaHon  of  tkt  Molecular  Weight  fy  the  Chmtcal 
Method. 
This  is  applicable  to  all  substances.  It  is  generally  very  compli- 
cated, and  does  not  invariably  lead  to  definite  conclusions.  It  coii- 
sists  in  preparing  derivatives,  analyzing  them  and  comparing  their 
formulas  with  the  supposed  formula  of  the  original  compound.  The 
problem  becomes  simpler  when  the  substance  is  either  a  base  or  an 
acid.  Then  it  is  only  necessary  to  prepare  a  salt,  determine  the 
quantity  of  metal  combined  with  the  acid,  or  of  the  mineral  acid  in 
union  with  the  base,  and  from  this  calculate  the  equivalent  formula. 
A  few  examples  will  serve  to  illustrate  this. 

I^epue  the  silver  »1(  of  Uctic  vnd  (the  silver  ulu  are  euilf  obtained  pare,  uid 
genenUiy  crytialliie  without  water)  tai  detennine  the  auantity  of  silver  in  it.  We 
fiiid  54. S  per  cent,  of  lilver.  Ai  the  Moinic  weigbl  ot  lilver  ^  107.7, 1^^  unonnt 
of  the  other  conslilnenl  combined  with  one  atom  of  Ag  in  *iWer  lactate,  may  be 
calculated  from  the  propoitiori — 

S4.8  :  (100  —  54.8)  !  :  107.7  :  x 
Di=89.a 
GrtDtiDE  that  lactic  acid  ii  moaabaaic,  thai  in  the  liNer  tah  ooe  atom  of  hjdtoeen  ii 
replaced  by  lilver,  it  Ibllowi  that  the  molecular  weight  of  the  free  (lactic)  add  moM 
^  89  +  I  ^  90.  CoQMquently,  the  simpleat  empiric  formula  of  the  acid,  CH,0 
=  30,  most  be  tripled.  Hence,  the  molecular  foimula  of  the  free  acid  li  C,H,0,  =^ 
90: 

C,  =  36, 40.0 

H,=    6 6.7 

0»  =  48. 53-3 

In  ttodyiag  ■  base,  the  platinum  double  lalt  ij  mually  prepared.     The  coatlilu- 
lion  of   thpE^F    '1i>iiMe  salts  is  analogous  to  thai  of  ammonio -platinum  chloride — 
l'tC',.2(NH,ll<  l)~lhe  unmonia  being  replaced  by  the    hue.     The   quantity  of 
platinum  in  the  ilouble  sail  is  determined  bj  ignition,  and  Calculating  the  quantity  of 
the   MMUtiluent    comliined  with  one  atom  ^  Pi  (198  parlsV     From  the  number 
'-— ■  — >lMiacl  sin  atoms  of  chlorine  and  two  aiom*  of  hydrc^n,  then  divide  by 
•suit  vfill  be  the  equivalent  or  molecular  weigh!  of  the  base, 
tnlancc  is  subjecled  to  reactions  of  various  kinds,  t.g. ,  the   substitution 
•n  by  chlorine.  The  simplest  fomiDla  of  acetic  acid,  as  described  abovF. 
f  lub.litution  three  acids  can  be  obtained  From  acetic  acid.  These,  upon 
h  nuscent  hydn^en,  revert  to  the  original  acetic  acid,     Tbey  are — 
C,H,CIO, — monocbloiacetic  add, 
C,H,CI,U,— dichloraceiic  acid,  and 
C,Ha,0,— tiichloracetic  acid. 
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Gmscqncntly,  there  must  be  three  replaceable  hydrogen  atoms  in  the  acid.  This 
would  lead  ns  to  the  formula  CjH^O,  for  it. 

Knowing  the  molecular  value  of  an  analyzed  compound,  it  will 
often  be  necessary  to  multiply  its  .r;w//>7V  formula  to  obtain  one  which 
will  express  the  number  of  atoms  contained  m  the  molecule.  1  his 
will  be  the  empiric  molecular  formula. 

(2)  Determination  of  the  Molecular  Weight  from  the  Vapor 

Density, 

'This  method  is  limited  to  those  substances  which  c^n  be  gasified 
and  volatilized  without  suffering  decomposition.  It  is  based  upon  the 
law  of  Avogadro,  according  to  which  equal  volumes  of  all  gases  and 
vapors  at  like  temperature  and  like  pressure  contain  an  equal  number 
of  molecules  (see  v'l^Richter's  Inorganic  Chemistry)  The  molecular 
weights  are,  therefore,  the  same  as  the  specific  gravities.  As  the  spe- 
cific  giavit^  is  compared  with  H  =  i,  but  the  molecular  weights  with 
H.  Ifa,  we  ascertain  the  molecular  weights  by  multiplying  the  specific 
gravity  by  two.  Should  the  specific  gravity  be  referred  to  air  =  i, 
fhen  the  molecular  weight  is  equal  to  the  specific  gravity  multiplied 
by  28.86  (since  air  is  14.43  times  heavier  than  hydrogen). 


Molecular  Weight. 

Air, — 

Hydrogen,  .    .    •   •  **i 

Oxygen, O, 

Water,    .....    .Ti<^ 

Mfctiiane CH^ 


Specific  Gravity. 


=  2 

=  %l  <*'» 

=  17.96 
=  15.97 


The  results  arrived  at  by  the  chemical  method,  by  transpositions, 
and  those  obtained  by  the  physical  method,  by  the  vapor  density — 
are  always  identical.  Experience  teaches  this.  If  a  deviation  should 
occur,  it  is  invariably  in  consequence  of  the  substance  suffering  decom- 
position, or  dissociation,  in  its  conversion  into  vapor. 

Two  essentially  different  principles  underlie  the  methods  employed 
in  determining  the  vapor  density.  According  to  one,  by  weighing  a 
vessel  of  known  capacity  filled  with  vapor,  we  ascertain  the  weight  of 
the  latter — method  of  Dumas  and  Bunsen.  Or,  in  accordance  with 
the  other  principle,  a  weighed  quantity  of  substance  is  vaporized  and 
the  volume  of  the  resulting  vapor  determined.  In  this  case  the  vapor 
volume  may  be  directly  measured — methods  of  Gay-Lussac  and  A.  W. 
Hofmann  ;  or  it  may  be  calculated  from  the  equivalent  quantity  of  a 
liquid  expelled  by  the  vapor— displacement  methods.  The  first  three 
methods,  of  which  a  fuller  description  may  be  found  in  more  extended 
text-books,*  are  seldom  employed  at  present  in  laboratories,  because 
the  recently  published  method  of  V.  Meyer,  characterized  by  sim- 


*  Consult  Handw5rterbuch  der  Chemie,  Ladenhurg,  Bd.  3,  244. 
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plicity  in  execution,  aifords  sufficiently  accurate  results  for  all  ordinary 
purposes. 

Method  of  Victor  Mejrer. — Vapor  dcn^ty  determination  t>j  air  duflaermm/.' 

Accordiog  lo  tbii  a  weighed  quantity  of  sabitance  ii  TiporiMil  in  an  encloaeil  apacc, 
nhen  it  displaces  an  equal  Tolumc  of  air,  which  ii  meainred.  Fig.  2  rcprtienls  the 
apparatiu  cooslmded  for  this  purpose.  It  consist)  of  a  putow  glan  tube,  to  which 
it  fused  the  cylindrical  ressel,  A.  The  upper,  somewhat  enlaigcd  opening,  S,  u 
closed  with  a  caoutchouc  sttqiper.  There  is  also  a  short  capillar]'  gaa-delivery  tube, 
C,  intended  lo  conduct  out  the  displaced  air.  It  terminates  in  the  water  bath,  1). 
The  substance  ii  weigbcd  out  in  a  small  glass  lal<e 
provided  with  a  stopper,  and  Taporiied  in  j4.  The 
escaping  air  it  collected  in  the  eudiometer,  E.     The 

Xrbatb,  used  in  heating,  coousu  of  a  wide  glass 
der,  /',t  whose  lower,  somewhat  enlarged  end, 
i*  closed  and  titled  with  a  liquid  of  known  boiling 
point.  The  liquid  employed  is  determined  by  the 
substance  utider  eiaminalion  )  its  boiling  point  most 
be  abore  that  of  the  latter.  Some  of  the  liquids  in 
use  are  water  (loo°),  xylene  (iboot  140°),  aniline 
(184°),  ethyl  benioate  (113°),  arnyl  benioate  (161°), 
and  diphenylamine  (310°]. 

The  TSpor  density,  S,  equals  the  weight  of  the 
Tapor,  P  (afforded  by  the  weight  of  the  subatance 
employed),   divided    by  the    weight    of   an    equal 


760  mm.  pressure  wei| 

I.     The  air  volume  V,.  found  at 

-u  under  the  pressure  jt  — 

ich  /  indicates  the  barorocii^r  pressure   an 


.00367  /         76b 
Consequently  the  vapor  density  sought  is — 
g  _P  (1  +  0.00367  /■)  760 
0.001193.     Vt  (f—i) 

The  dijplaced  air  may  be  collected  in  the  gaitaro- 
r«..  J,  ifi^(comparep.  11).     (B.  «7,  2167.) 

V.  Meyer's  method  yields  results  that  are  perfectly 
satisfaclorr  fira^li^ally,  although  not  without  some  slight  error  in  principle.  How- 
ever, they  answer,  because  in  deducing  the  molecular  weight  from  the  vapor  density, 
relatively  large  numbers  are  considered  and  the  little  differences  discarded.  A  greater 
inaccuracy  may  ai'  "'  """""  '"  '"  *  " '"     -""—  -■    ™^  """ 

'    apt  to  e  ' 


._  .n  the  method  in  filling  in  the  substances  as  described,  becau& 
«[  B  -pt  lu  cu.rf  the  vessel.  L.  Meyer  (B.  13,  991I,  Piccard.  {iiuf.  13,  1080), 
Mahlnumn  IHui.  18,  1624),  and  V.  Meyer  and  Bilti  (iiui.  ai.  688)  have  suggested 
different  devices  to  avoid  this  source  of  error.    To  leit  the  decompOMbility  of  the 


»B.  II,  1867,  3253.  tB.  ist.  1862. 

}  It  is  simpler  to  make  the  leduction  to  760  n 
Dormal  voltmse  (p.  33). 


1.  aitd  tf  by  eoi^iarUon  with  a 
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fnhstance  at  the  temperature  of  the  experiment,  heat  a  small  portion  of  it  in  a  glass 
baib  provided  with  a  long  point  (B.  14,  1466). 

Substances  boiling  above  300**  are  heated  m  a  lead-bath  (6.  zz,  2255V  Porcelain 
vessels  are  used  when  the  temperature  required  is  so  high  as  to  melt  glass,  and  the 
heatmg  is  conducted  in  gas  ovens  (B.  za,  ZZZ2).  Where  air  affects  the  substances 
in  vapor  form,  the  apparatus  is  filled  with  pure  nitrogen.  (Compare  B.  z8,  2809;  2Z, 
688. )  When  the  substances  under  investigation  attack  the  porcelain,  tubes  of  platinum 
are  sabstituted  for  the  latter.  These  are  enclosed  in  glazed  porcelain  tubes,  and  heated 
in  furnaces  (B.  z 2,  2204;  Z.  phys.  Ch.  z,  Z46;  B.  2Z,688).  This  form  of  appa- 
ratus allows  of  the  simultaneous  determination  of  temperature  (B.  Z5, 141 ;  Z.  phys. 
Ch.  z,  153). 

For  modifications  in  methods  of  determining  the  density  of  gases,  consult  V. 
Meyer,  B.  Z5, 137,  zz6z  and  277Z  ;  Linger  and  V.  Meyer,  Pyrotechnische  Untersuch- 
ungen,  1885;  Crafts,  B.  Z3,  85Z,  Z4,  356,  and  z6,  457.  For  air-baths  and  regula- 
tors see  L,  Meyer,  B.  z6, 1087 ;  zy,  478. 

Modifications  of  the  displacement  method,  adapted  for  work  under  reduced  pres- 
sure, have  been  proposed  by  La  Coste  (B.  z8,  2122),  Schall  (B.,  22,  140 ;  B.  27, 
R.  604),  Eyckmann  (B.  22,  2754),  V.  Meyer  and  Demuth  (B.  23,  3ZI ;  Richards 
(B.  23,  919,  note),  Neuberg  (B.  24,  729,  2543). 

For  the  method  of  Nilson  and  Pettersson,  see  B.  Z7,  987  and  zg,  R.  88 ;  also  J. 
pr.  Ch.  33,  I.    See  B.  2Z,  2767,  for  the  method  of  Biltz. 

(3)  Determination  of  the  Molecular  Weight  of  Substances  when  in 

Solution. 

I.  By  Means  of  Osmotic  Pressure. — Recently  van  't  Hofr(Z. 
phys.  Ch.  ly  481 ;  3,  198;  B.  27,  6)  has  developed  an  exceedingly 
important  theory  in  regard  to  solutions.*  According  to  this  new  idea 
chemical  substances,  when  in  dilute  solution,  exhibit  a  deportment 
similar  to  that  observed  when  in  a  gaseous  or  vapor-form ;  therefore, 
the  laws  applicable  to  gases  (Boyle,  Gay-Lussac,  and  Avogadro) 
possess  the  same  value  for  solutions.  We  know  that  the  gas-particles 
exert  pressure,  and  it  is  also  true  that  the  particles  of  compounds, 
when  dissolved,  exert  a  pressure,  which  is  directly  expressed  or  shown 
by  the  osmotic  phenomena,  and  hence  it  is  termed  osmotic  pressure. 
This  pressure  is  equal  to  that  which  would  be  exerted  by  an  equal 
amount  of  the  substance,  if  it  were  converted  into  gas,  and  occupied 
the  same  volume,  at  the  same  temperature,  as  the  solution.  Solutions 
containing  molecular  quantities  of  different  substances  exert  the  same 
osmotic  pressure.  It  is,  therefore,  possible,  as  in  the  case  of  gas- 
pressure,  to  directly  deduce  the  molecular  weight  of  the  substances  in 
solution  from  this  osmotic  pressure. 

Pfeffer  determines  osmotic  pressure  by  means  of  artificial  cells,  having  semi- 
permeable walls.  If  suitably  modified  this  method  promises  to  be  of  wide  applica- 
bility (Ladenbuig,  B.  22, 1225). 

iht  plasmclytic  method  oi  de  Vries  (Z.  phys.  Ch.  2,  415),  employed  in  determin- 
ing osmotic  piessnre,  is  based  upon  the  use  of  living  plant  cells. 

To  calculate  the  molecular  weight,  make  use  of  the  general  formula  for  gases : 
pv  =  RT,  in  which  R  represents  a  constant,  and  T  the  absolute  temperature,  calcu- 

*See  Ostwald'sGmndriss  der  allgemeinen  Chemie,  2.  Aufl..z890 ;  Lothar  Meyer, 
Grundzflge  der  theoretischen  Chemie,  2.  Aufl.  1893. 
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iated  from  —  273^  forward.  If  this  equation  is  also  to  include  the  law  of  Avogadro 
(that  the  molecular  weights  of  gases  or  dissolved  substances  occupy  the  same  volume 
at  like  temperature  and  pressure),  then  molecular  quantities  of  the  substances  must 
always  be  taken  into  consideration.  The  constant  equals  84500  for  gram  molecu- 
lar weights  (2  grams  hydrogen,  or  31.92  grams  oxygen)  at  Uie  temperature  o^  (or 
273^),  and  the  pressure  (gas  or  osmotic  pressure)  of  76  cm.  of  mercury. 

p  .  V  =  84500  .  T.» 

M 
V  represents  the  volume  corresponding  to  the  gram  molecular  weight  (▼== »  >n 

which  a  is  the  weight  in  grams  of  I  c.cm.  of  the  gas,  or  dissolved  substance,  con- 
tained in  I  c.cm.  of  the  solution).     Substituting  figures  the  formula  would  read: 

M 

P  •    13-59  X =  84500  (273 -j-t),  with  the  four  variables  p,  M,  a  and  t.     If 

a 

three  of  these  be  given  the  fourth  can  be  calculated.  Consequently,  the  molecular 
weight  M  is  found  from  the  formula: — 

M  =  «>  ■  84500  (273  4- 1)  ^  a  .  6218  (273  -\- 1) 
p  .  13.59  P 

• 

2.  From  the  Lowering  of  the  Vapor  Pressure  or  the  Elevation  of  the 
Boiling  Point. — The  lowering  of  the  vapor  pressure  of  solutions  is  closely  allied  to 
osmotic  pressure.  It  is  a  known  fact  that  solutions  at  the  same  temperature  have  a 
lower  vapor  pressure  (P)  than  the  pure  solvent  (f ),  and  consequently  boil  at  a  more 
elevated  temperature  than  the  latter.  The  lowering  in  pressure  (f —  P)  is  in  propor- 
tion to  the  quantity  of  the  substance  dissolved  (Wiillner).  This  harmonizes  with  the 

equation  -IZ_  =kg,  in  which  k  represents  the  **  relative  lowering  of  the  vapor 

pressure"  (  -II-    1  for  i  per  cent,  solutions,  and  g  their  percentage  content. 

If  the  lowering  be  referred  not  to  equal  quantities,  but  rather  to  molecular  quanti- 
ties of  the  substances  dissolved,  it  will  be  discovered  that  equi-molecular  solutions 
(those  containing  molecular  quantities  of  the  different  substances  in  equal  amounts  in 
the  same  solvent)  show  equal  lowering — the  molecular  vapor  pressure  lowering  is  con- 
stant : — 

M.tllI'  =  C. 
f 

Again,  on  comparing  the  relative  lowering  of  vapor  pressure  in  different  solvents, 
it  will  be  found  also  that  they  are  equal,  if  equal  amounts  of  the  substances  are  dis- 
solved in  molecular  quantities  of  the  solvent.  In  its  broadest  sense  the  law  would 
read :  The  lowering  of  vapor-pressure  is  to  the  vapor- pressure  of  the  solvent  (f )  as  the 
number  of  molecules  of  the  dissolved  body  (n)  is  to  the  total  number  of  molecules 
(n  +  N)  :- 

f— f^_      n 

f  n  +  N. 

_  /^ 

Substituting  the  quotients  -^  and (g  and  G  represent  the  weight  quantities 

m  M 

*  R  =  ^- ;  p  =  1033  =  76  X  '3-  59  (sp.  gr.  of  mercury) ;  v  =  22330  =  32.92/ 

0.001430  (wt.  of  I  c.cm.  of  oxygen).    R  =  '^33  X  2^330^ 
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of  the  (dbMance  ind  IhesolnDt;  m  and  M  are  (heir  molecuUr  weighti),  for  n  uid 
N,  it  will  be  easy  to  cilcnlote  the  roolecuUr  ireighti. 

P.  M.  Raoull  (i)(S7)  developed  these  rule*  empiricBlly.  Soon  IbereaTler  Tui't 
Hoff  (Z.  phji.  Ch.  3,  115)  deduced  them  theoreticillj'  from  (he  osmotic  presiim. 
They  are  only  of  value  for  non-volatile  (u  compared  with  the  lolvent)  substancra, 
or  Buch  Bi  volatilize  with  difUculljr.  The  same  abnonnalitiei  obserred  with  oimotic 
pressure  and  depression  in  the  fieeiing  point  also  appear  here. 

The  methods  for  the  determination  of  vapor- pressure  are  yet  too  little  Sinown  and 
primitive  in  their  natore  (j  be  applied  in  Uie  pmctical  determination  of  motecalar 
weights  (B.  aa,  10S4 ;  Z.  phys.  Ch.  4,  53S).  It  is  easier  to  detennine  the  rise  in 
the  bnlii^  points ;  this  it  also  more  reliable  (Beclcmann,  Z.  phys.  Ch.  4,  539 ;  fi, 
437;  >.  "3;   >5.  6s6;  B.  37,  R.  717;  a8,  R.  432). 

Helbodof  Beckmann. — A  small  Bask  (Fig.  3)  provided  with  three  (ubulures  is 
nsed  aa  the  boiling  reuel.  A  pUtinnm  wire  j  is  fnscd  into  iti  bottom.  Thisaccel. 
erals  the  boiliog.  The  flask  is  filled  one-half  (/)  with  glass  beads.  The  wide 
side-tnbe  I?  supports  an  accuiate  thermometer  (WaiCerdin),  which  reaches  to  the 
contents  of  the  vessel.  Later  its  mercury  reservoir  is  wholly  immened  in  the  lotvent. 
The  condenser  S  is  fiied  in  i,  so  that  the  vapors  can  only  reach  it  through  the 
opeuing  J.  Its  lower  end  should  terminate  about  I  cm.  above  the  glass  pearls,  in 
order  that  rising  Tapor-bubbies  do  not  retard  there- 
turning  liquid.  The  flask,  closed  with  stoppers,  ii 
carefully  weighed  to  centigrams,  and  the  aolvent 
introduced  until  its  level  is  at  e.  Its  quantity  is 
fonrtd  by  reweighing.  The  boiling  veascl  is  now 
surrounded  by  an  asbestos  maotle.  filled  out  above 
with  cotton,  but  with  an  eiiwsed  botlom.  The 
return- tabe  S  is  conaected  wilh  a  Soihlet  bulb. 
cooler  or,  if  the  metal  is  attacked,  with  an  ordinary 
Liebig  condenser.  Note  the  boiling  point  of  the 
solvent,  and  after  the  iotroduction  of  the  substance 
Ibrough  the  tube  C,  determine  the  boiling  poini  a 
second  time.  In  (his  way  we  ascerlaio  the  rise  in 
boiling  point.  Becktnann  has  so  modified  this  appa- 
ratus ax  to  rnake  it  applicable  to  solvents  having  high 
boiling  points  (Z.  phys.  Ch.  8,323).  S.  Arrbeniushas 
dedntxd  a  formula  for  molecular  rise  in  boiling  point, 
which  is  perfectly  analogous  to  that  deduced  by  van  'I 
Hoif  for  the  molecular   depression  of    the   Aeeiii^  pi^ 

point.      The  molecular   rise  rf   is:   d  =  ooa.-— . 

in  which  T  represents  Ihe  absolute  boiling  point,  and  w  the  beat  of  evaporation  of 
the    solvent.      Upon  dtsaolviog   I    gram  molecule  of  a  substance,  1. 1.,  it  the  mole- 
cular we^ht  of  the  body  is  m,  wi5i  m  g  of  it  in  100  grams  of  solven 
point  will  be  raised  about  d",  upon  dissolving  pg  of  the  substance  ii 
solvent  about  d,  ^  d.  £;  from  which 


d  =  molecular  A 


,.(......n). 


d,  ^=  observed  rise  in  bojlbg  point. 
The  molecular  elevation  of  the  boiling  point  ii 
dtloTOform  36.6°,  and  of  acetic  add  35.3°. 


o  grams  of  Ihe  solvent. 


32  ORGANIC  CHEMISTRY. 

A.  Naanuuan,  B.  ii,  429,  haa  dcTised  a  method  for  molecular  weight  determina- 
tion by  the  distillation  of  liquids  not  miscible  with  water.  He  conducts  steam 
through  them. 

3.  From  the  Depression  of  the  Freezing  Point. — The  mole- 
cular weights  of  dissolved  substances  are  more  accurately  and  readily 
deduced  from  the  depression  of  the  freezing  points  of  their  solutions. 
Blagden  in  1788,  and  RUdorff  in  1861,  found  that  the  depression  of 
the  freezing  points  of  crystal lizable  solvents,  or  substances  (as  water, 
benzene  and  glacial  acetic  acid)  is  proportional  to  the^quantity  of 
substance  dissolved  by  them.  The  later  researches  of  Coppet  (1871), 
and  especially  those  of  Kaoult  (1882),  have  established  the  fact  that 
when  molecular  quantities  of  different  substances  are  dissolved  in  the 
same  amount  of  a  solvent  they  show  the  same  depression  in  their 
freezing  points  (I-aw  of  Raoult).  If  /  represents  the  depression  pro- 
duced by/ grams  of  substance  in  100  grams  of  the  solvent,  the  co-efficient 

of  depression  A  will  be  the  depression  for  i  gram  of  substance  in  100 

/ 
grams  of  the  solution.*    The  molecular  depression  is   the  product 

obtained  by  multiplying  the  depression  co-ef^cient  and  the  molecular 
weight  of  the  dissolved  substances.  This  is  a  constant  for  all  sub- 
stances having  the  same  solvent : — 

M  . =  C 

P 

Raoult's  experiments  show  the  constant  to  have  the  following  values : 
for  benzene  49 ;  for  glacial  acetic  acid  39 ;  for  water  19.  When  the 
constant  is  known  the  molecular  weight  is  calculated  as  follows  : — 

M  =  CP. 
t 

A  comparison  of  the  constants  found  for  different  solvents  will  disclose  the  fact 
that  they  bear  the  same  ratio  to  each  other  as  the  molecular  weights — that  conse- 
quently the  quotient  obtained  from  the  molecular  depressions  and  molecular  weights 
is  a  constant  value  (about  0.62).  It  means,  expressed  differently,  that  the  molecule 
of  any  one  substance  dissolved  in  loo  molecules  of  a  liquid  lowers  the  point  of  soli- 
dification very  nearly  0.62. 

Guldberg  (1870)  and  van  't  Hoff  (1886)  have  since  made  a  theoretical  deduction 
of  these  laws  from  the  lowering  of  the  vapor  pressure,  and  from  the  osmotic  pressure. 

The  constant  C  is  obtained,  for  the  various  solvents,  from  the  formula  0.02  T' 

w 
Here  T  indicates  the  temperature  of  solidification  of  the  solvent  calculated  from  the 
absolute  zero-point  forward  ;  w  is  its  latent  heat  of  fusion.     In  this  way  van  *t  Hoff 
calculated  the  constants  for  benzene  (53),  acetic  acid  (38.8),  and  water  18.9  (see 
above). 

'ust  described  possess  a  direct  value  for  indifferent  sub- 
g  but  slight  chemical  activity.      Salts,  strong  acids  and 


.  phys.  Ch.  2,  493)  expresses  the  content  of  solutions  by  the  weight 
ubstances  contained  in  100  c.c.  of  the  solution. 


DETERMINATION  OF  THE   MOI.ECULAR 


33 


bases  (all  electrolytes)  constitute  the  exceptions.  The  depressions  in 
freezing  point  are  greater  for  these  than  their  calculated  values  (they 
also  have  greaterosmoticpressurc,  and  greater  lowering  of  the  vapor 
pressure).  The  electrolytic  dissociation  theory  of  Arrhenius  (Z.  phys. 
Ch.  1,  631,  577 ;  3,  491 ;  B,  37,  R.  542)  would  account  for  this  by 
the  assumption  that  the  electrolytes  have  separated  into  their  free 
ions.  However  even  the  indifferent  bodies  exhibit  many  abnorniali- 
ties — generally  the  very  opposite  of  the  ordinary.  These  seem  to  be 
due  to  the  fact  that  the  substances  held  in  solution  had  not  completely 
broken  up  into  their  individual  molecules.  The  most  accurate  results 
are  obtained  by  opeiating  with 
very  dilute  solutions,  and  by 
employing  glacial  acetic  acid  as 
solvent.  This  dissociates  solids 
most  readily. 

Various  fonns  of  appAnlui  *uiubl« 
for  tb«  above  purpose,  and  metbodE  a! 
wnking  have  been  proposed  by  Au- 
wen,'  HoUemana  (B.  11,860),  HeDt. 
■che1,tBeckmann,t  Eykmann,  {  Klo- 
bnkow,  II  and  Baumann  and  Fnunin 
{B.  24.  1431)- 

Beckmann'a  Idetbod. — A  hard 
gtan  tube.  A,  2-3  cm.  in  width,  side 
projectkn)  £  (^g.  4)>  >»  filled  with 
■5-Z0  grams  of  the  solvent  (aeighed  out 
accurately  id  centigranis),  aod  closed 
with  a  stopper,  in  which  are  placed  an 
acciinte  thermometer  (Walfetdin),  and 

ring  rod.  The  lower  part  of  the  tube 
is  attached  by  meaos  of  a  cork  to  a 
somewhat  larger,  wider  lube.  The 
latter  serves  as  an  air-jacket.  The  en- 
tire apparatus  projecU  into  a  beaker 
gloss  tilled  with  a  freezing  mixlure. 
Cold  water  will  answer  for  glacial  acetic 

acid  (congealing  at  le"),  and  ice-water  p,o.  4,  Fig.  j. 

forbenzeiie  (about  5°).  First  determine 
the  congealing  point  of  the  Solvent  by 

cooling  it  t-2°  below  its  freezing  point,  and  then  by  agitation  with  the  ptalj' 
Dum  rod  (after  addition  of  platinum  clippings),  induce  the  formation  of  cr^als. 
During  this  operation  the  thermometer  rises,  and  when  the  mercury  is  stationary  it 
indicates  the  freeziug  point  of  the  solvent.  Allow  (he  mass  to  melt,  and  introduce 
an  accuiately  weighed  amount  of  substince  Ihrough  £.  When  this  has  dissolved 
the  freezing  point  is  re-dFteimined  as  before  (B,  38,  R.  413). 

Eykmann's  Method, ^{A.  173,  9S].  By  this  method  it  is  pouibte  to  use 
RiiaJler  amounts  of  solution  |6~S  grams)  and  substance.  This  is  done  by  nsing 
phenol  (m.  p.  about  38°),  as  the  solvent.  Its  oiolecnlar  depression  has  been  theo- 
retically deduced;  it  is  about  76  (see  above).     Fig.  j  represents  the  form  of  appa- 


•B.  ai,  7"!  t  Z.  phys.  Ch.  a,  307 1  J /fu/.  «,  638;  J  TWrf.  a,964'.  U  ^"rf.  4.1'" 


34  ORGANIC  CHEMISTRY. 

nitus  proposed  bj  Eykmann.     It  is  nothing  more  than  a  flask  with  two  tabulures,  in 
one  of  which  a  thermometer  is  fixed,  and  over  the  other  is  placed  a  ground-glass  cap. 

Patemo*s  investigations  show,  contraiy  to  earlier  observations,  that  when  benzene 
is  employed  as  the  solvent  the  carbon  derivatives  mostly  yield  normal  results ;  the 
exceptions  being  the  alcohols,  phenols,  acids,  oximes  and  pyrrol  (B.  aa,  1430  and  Z. 
phys.  Ch.  5,  94;  B.  ay,  R.  845 ;  a8,  R.  974). 

Naphthalene  may  also  be  used  for  determinations  of  this  kind,  van 't  Hoff  gives 
its -depression  constant  as  equal  to  about  70  (B.  aa,  2501 ;  a3,  R.  z  ;  a4,  1431). 

Consult  B.  28, 804  for  a  method  of  determining  molecular  weights  from  the  decrease 
in  solubility. 

For  the  determination  of  molecular  weight  from  molecular  aolution-Tolume  see 
B.  ag,  1023. 


THE  CHEMICAL  CONSTITUTION   OP  THE   CARBON 

COMPOUNDS. 

Early  Theories. — The  opinion  that  the  cause  of  chemical  affinity  resided  in 
electrical  forces,  came  to  light  in  the  commencement  of  this  century,  when  the 
remarkable  decompositions  of  chemical  bodies,  through  the  agency  of  the  electric 
current,  were  discovered.  It  was  assumed  that  the  elementary  atoms  possessed 
different  electrical  polarities,  and  the  elements  were  arranged  in  a  series  acomnding  to 
their  electrical  deportment  Chemical  union  depended  on  (he  obliteration  of  different 
electricities.  The  dua/istic  idea  of  the  constitution  of  compounds  was  a  necessary 
consequence  of  this  hypothesis.  According  to  it,  every  chemical  compound  was 
composed  of  two  groups,  «lectric&lly  different,  and  these  were  further  made  up  of 
two  different  groups  or  elements.  Thus,  salts  were  viewed  as  combinations  of  electro- 
positive bases  (metallic  oxides),  with  electro-negative  acids  (acid  anhydrides),  and 
these,  in  turn,  were  held  to  be  binary  compounds  of  oxygen  with  metals  and  non- 
metals.  With  this  basis,  there  was  constructed  the  electro-chemical^  dualisHc  theory 
0/ Berulius,     This  prevailed  almost  exclusively  in  Germany  until  about  i860. 

The  principles  predominating  in  inorganic  chemistry  were  also  applied  to  organic 
substances.  It  was  thought  that  in  the  latter  complex  groups  (radicals)  pre-existed, 
and  played  the  same  rOle  that  the  elements  did  in  mmeral  matter.  Organic  chemistry 
was  defined  as  the  chemistry  of  the  compound  radicals  (Liebig,  1832),  and  led  to  the 
chemical-radical  theory,  which  flourished  in  Germany  simultaneously  with  the  e/ettro- 
chemical  theory.  According  to  this  view,  the  object  of  organic  chemistry  was  the 
investigation  and  isolation  of  radicals,  in  the  sense  of  the  dualistic  idea,  as  the  more 
intimate  components  of  the  organic  compounds,  and  by  this  means  they  sought  to 
explain  the  constitution  of  the  latter.  ( Liebig  and  Wdhler,  Ueber  das  Radical  der 
Benzo&&ure,  A.  3,  249;    Bunsen,    Ueber  die  Kakodylverbindungen,  A.  31,  175; 

37,  l;  4a.  14;  46,  I.) 

In  the  meantime,  about  1830,  France  contributed  facts  not  in  harmony  with  the 

electro-chemical,  dualistic  theory.     It  had  been  found  that  the  hydrogen  in  organic 

compounds,  could  be  replaced  (substituted)  by  chlorine  and  bromine,  without  any 

apparent  change  in  the  character  of  the  compounds.  To  the  electro-negative  halogens 

was  ascribed  a  chemical  function  similar  to  electro-positive  hydrc^n.     This  showed 

the  electro-chemical  hypothesis  to  be  erroneous.     The  dualistic  idea  was  superseded 

by  a  unitary  theory.     Laying  aside  all  the  primitive  speculations  on  the  nature  of 

chemical  affinity,  the  chemical  compounds  began  to  be  looked  upon  as  constituted  in 

accordance  with  definite  mechanical  ground-forms — ty^rs — in  which  the  individual 

elements  could  be  replaced  by  others  (early  type  theory  of  Dumas,  nucleus  theory  of 

Laurent).     Dumas,  however,  distinguished  between  chemical  types  and  mechanical 

'^s.     He  considered  substances  to  have  the  same  chemical  type,  to  be  of  the  same 

'icies,  when  they  possessed  like  fundamental  properties,  e.  g.,  acetic  and  chlor- 

!tic  acids.     Like   Regnault  he  said   they  were   of  the  same   mechanical  type, 

onged  to  the  same  natural  family,  when  they  were  related  in  structure  but 
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manifested  a  different  chemical  character:  alcohol  and  acetic  acid.  At  the  same 
time  the  dualistic  view  on  the  pre-existence  of  radicals  was  refuted. 

The  correct  establishment  of  the  ideas,  equivalent^  atom  and  molecule  (Laurent 
and  Gerhardt) ,  was  an  important  consequence  of  the  typical  unitary  idea  of  chemical 
compounds.  By  means  of  it  a  correct  foundation  was  laid  for  further  generalization. 
The  molecule  haTiog  been  determined  a  chemical  unit,  the  study  of  the  grouping  of 
atoms  in  the  molecule  became  possible,  and  chemical  constitution  could  again  be 
move  closely  examined.  The  investigation  of  the  reactions  of  double  decomposition, 
whereby  single  atomic  groups  (radicals  or  residues)  were  preserved  and  could  be 
exchanged  (Gerhardt);  the  important  discoveries  of  the  amines  or  substituted 
ammonias  by  WQrtz  (1849),  and  Hofmann  (1849) ;  the  epoch-making  researches  of 
Williamson  and  Chandel  (1850),  upon  the  oompositien  of  ethers,  and  the  discovery 
of  acid-forming  oxides  by  Gerhardt  (1851) — ^led  to  m  '*type*'  exj^aaatioii  of  the 
individual  classes  of  compounds.  Williamson  referred  the  alcohols  and  ethers  to  the 
water  type.  A.  W.  Hofmann  deduced  the  substituted  ammonias  from  ammonia. 
The  *'  type*'  idea  found  its  culmination  in  the  type  theory  of  Gerhardt  (1853),  which 
was  nothing  more  than  an  amalgamation  of  the  early  type  or  substitution  theory  of 
Dumas  and  Laurent  with  the  radical  theory  of  Berzelius  and  Liebig.  llie  molecule 
was  its  basis — and  to  it  there  was  attached  a  more  extended  grouping  of  the  atoms 
in  the  molecule.  The  conception  of  radicals  became  different.  They  were  no  longer 
regarded  as  atomic  grou()s  that  could  Be  isolated  and  compared  with  elements,  but  as 
molecular  residues  which  remained  unaltered  in  certain  reactions. 

Comparing  the  carbon  compounds  with  the  simplest  inorganic  derivatives,  Ger- 
bardt  referred  them  to  the  following  principal  fundamental  forms  or  types : — 

HI                         Cn  H>Q                     H) 

H/                          Hf  H/^                      HVN 

Hydrogen.                   Hydrogen  Water.                          hJ 

Chloride.  Ammonia. 

From  these  they  could  be  obtained  by  substituting  the  compound  radicals  for 
hydrogen  atoms.  All  compounds  that  could  be  viewed  as  consisting  of  two  directly 
combined  groups  were  refened  to  the  hydrogen  and  hydrogen  chloride  types,  e,  g.: — 

Ethyl  Ethyl  Cyanogen  Eth^l  Acet;rl 

Hydnde.  Chloride.  Hydride.  Cyanide.  Chloride. 

It  is  customary  to  refer  all  those  bodies  derivable  from  water  by  the  replacement 
of  hydrogen,  to  die  water  type : — 

Akohol.  Acetic  Acid.  Ethyl  Ether.  Acetic  Anhydride. 

Associated  types  were  included  with  the  principal  types.     Thus,  with  the  funda- 

d  1  Br  \       \'\ 

mental  type  u  >  were  arranged  as  subordinates,  the  types  „  }-    Hi*  ^'^^  ^^  water 

type^lOthatof  2}S,  etc. 

The  compounds  containing  three  groups  united  by  nitrogen  are  considered  ammo- 
nia derivatives : — 

CH.)  CH.)  C,H,0)  COT    . 

hIn  ch,In  hIn  hI-n 

HJ  chIJ  hJ  "> 

The  types  of  Gerhardt  were  chemical  types.     He  thus  expressed  himself:  **  Mes 


3<5 


ORGANIC  CHEMISTRY. 


types  lont  des  types  de  double  decomposition."     It  is  thus  understood  that  he  in* 

eluded  the  type  ^,  >  wiih  that  of  |,  > . 

These  types  no  longer  possessed  their  early  restricted  meaning.  Sometimes  a 
compound  was  referred  to  different  types,  according  to  the  transpositions  the  fonnula 
was  intended  to  express.  Thus  aldehyde  was  referred  to  the  hydrogen  or  water 
type  ;  cyanic  acid  to  the  water  or  anunonia  type : — 

The  development  of  the  idea  of  polyatomic  radicals,  the  knowledge  that  the 
hydrogen  of  carbon  radicals  could  be  replaced  by  the  groups  OH  and  NH,,  etc., 
contributed  to  the  further  establishment  of  muitiple  and  mixed  types  (Williamson, 
Odling,  Kekul6)  :— 


Compound  Types  : — 

CIHY 
CIH/ 


e.  g.: — 

C,H, 
Ethylene  Chloride. 


Clj 


C,H//( 

Ethylene 
Glycol. 


Mixed  Types  : — 


C,H, 


Chlorhydrin. 


o. 


c,o. 


HJO 

Ozamic 
Acid. 


Sir* 


CO"  { 
Carbamide. 


hIn 

/HJ 

H  }o 
Amido-acetic  Acid. 


The  manner  of  arrangement  6nding  expression  in  these  multiple  and  mixed  types 
was  this :  two  or  more  groups  were  united  into  one  whole — a  molecule — by  the 
univalent  radicals.  Upon  comparing  these  t3rpical  with  the  structural  formulas 
employed  at  present,  we  observe  that  the  first  constitute  the  transitional  state  from 
the  empiric,  unitary  formulas  to  those  of  the  present  day.  The  latter  aim  to  express 
the  perfect  grouping  of  the  atoms  in  the  molecule. 

The  next  step  was  the  expansion  of  the  Gerhardt  type  to  the  type  of — 

H  1 
marsh-gas  H  I  ^'      '^^  ^'^  ^^  work  of  Kekul^,  1856  (A.  zoi,  204). 

hJ 

/     Recent  Views. — Kekul6  (1^57)  11^  *  communication,  Ueber  die  sog.  gepaarten 

VerbinduDgen  und  die  Theorie  der  mehratomigen  Radicale  (A.  104,  129)  indicated 

the  idea  of  types  by  the  assumption  of  a  peculiar  function  of  the  atoms — their 

tomicity  or  basicity  (valence).     This  he  supposed  to  be  the  cause  of  the*  types  of 

"hardt.    As  early  as  1852  r  rankland  enunciated  similar  views  in  regard  to  the  ele- 
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meats  of  the  nitrogen  group  (A.  25,329;  101,257;  Frankland:  Experimental 
Researches  in  Pore,  Applied  and  Physical  Chemistry,  London,  187 1,  p.  147).  Kolbe 
oonaured  with  these  ideas  (compare  his  derivation  of  the  organic  compounds  from 
the  radical  carbonyl  C,  and  carbon  dioxide  CjO^— Kolbe*s  Lehrbuch  der  organ- 
fschen  Chemie,  1858,  Bd.  I,  p.  567).  The  reason  that  they  did  1  ot  exert  greater 
influence  upon  the  development  of  Uieoretical  chemistry  is  mainly  due  to  the  fact  that 
the  notions  of  the  relations  of  equivalent  weight'^and  atomic  weight  were  not  clearly 
defined  by  Kolbe  and  Frankland. 

In  his  assumptions  Kekuli  rather  returned  to  Dumas*  mechanical  types,  than  to 
the  doable  decomposition  types  of  Gerhardt.     The  distinction  between  the  type 

u  \  and  u  ^  AS  drawn  by  Gerhardt  did  not  exist  for  Kekuli.      The  latter  in  1858 

said,  "it  is  necessary  in  explaining  the  properties  of  chemical  compounds  to  go  back 
to  the  elements  which  compose  the^e  compounds."  He  continues:  "I  do 
not  regard  it  as  the  chief  aim  of  our  time  to  detect  atomic  groups  which,  owing  to 
certain  properties,  may  be  considered  radicals  and  thus  to  include  the  compounds 
under  certain  type<,  which  in  this  way  have  scarcely  any  oiher  significance  than  that 
of  type  or  example  formula.  I  am  rather  of  the  o,>inion  that  the  generalization 
should  be  extended  to  the  constitution  of  the  radicals  themselves,  to  the  determina- 
tion of  the  relation  of  the  elements  among  themselves,  and  thus  to  deduce  from  the 
nature  of  tile  elements  both  the  nature  of  the  radicals  and  that  of  their  compounds." 
(A.  106,  136.) 

The  recognition  of  the  quadrivalence  of  the  carbon  atoms  and  the  power  they 
possessed  of  combining  with  each  other,  accounted  for  the  existence  and  the  com- 
bining value  of  radicals ;  also,  for  their  constitution  (KekuI6,  /.  c,  and  Couper, 
A.  ch.  phys.  [3]  53,  469).  The  type  theory,  consequently,  is  not  as  sometimes 
declared,  laid  aside  as  erroneous;  it  has  only  found  generalization  and  amplification 
in  a  broader  principle :  the  extension  of  the  valence  theory  of  Kekuli  and  Couper  to 
the  derivatives  of  carbon. 

"While  formerly  it  was  customary  to  consider  in  addition  to  ^m/^'rrV  formulas,  repre- 
senting merely  an  atomic  composition  of  the  molecule,  ra/i^na/  (ormulas  (Berzelius), 
which  in  reality  were  nothing  more  than  rearrangement  formulas  adopted  to  explain 
to  a  certain  degree  the  chemical  behavior  of  derivatives  of  carbon,  Kekul6  spoke  of 
the  mmnner  of  union  of  the  atoms  in  the  molecule,  by  knowledge  of  which  the  con- 
stitution of  the  carbon  compounds  is  determined  (constitution  formulas).  Lothar 
Meyer  next  introduced  the  phrase  **  Unking  of  the  carbon  atoms."  The  expression 
structure  (structural  formulas)  originated  with  Butlerow. 

An  application  of  the  valence  theory,  which  has  been  remarkably  fruitful,  is  the 
Keknl^  tienzene  theory.  Here  for  the  first  time  there  was  assumed  present  in  a 
carbon  compound  a  closed  carbon-chain,  a  ring  consisting  of  six  carbon  atoms.  The 
rather  singular  stability  of  the  aromatic  bodies  is  due  to  the  presence  of  this 
'*  benzene  ring."  Kdmer  applied  these  views  to  pyridine  and  deduced  the  pyridine 
ring.  In  rapid  succession  numerous  other  rings  have  followed  and  have  arranged 
themselves  side  by  side  with  the  old  rings  in  more  recent  years. 

Theory  of  Chemical  Structure  of  Carbon  Compounds. 
Theory  of  Atomic  Linking  or  the  Structural  Theory. 

Constitutional  or  structural  formulas  are  based  upon  the  following 
principles,  which  have  been  deduced  from  experiment  and  repeatedly 
confirmed  by  the  same. 

I.   7^e  carbon  atom  is  quadrivalent     The  position  of  carbon  in  the 

periodic  system  gives  expression  to  this  fact.     One  carbon  atom  can 

combine  at  the  most  with  four  dissimilar  or  similar  univalent  atoms  or 

atomic  groups : 

CH,  CF.  CCl, 

Methane.  Carbon  Tetrafluoride.  Carbon  Tetrachloride. 
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CH,Cl  CHjNH,  CH,a,  CHO, 

Methyl  Chloride.         Methylasnine.         Dicblonnethane.        Chloroform. 

Id  a  few  compoundi,  t,  g.^  carbon  monoxide  CO  and  the  isonitriles  or  caibylamines 
R^— N==C  (A.  270,  267)  and  fulminic  acid  HO  — N  =  C  (A.  aSo,  303)  carbon 
figures  as  a  bivalent  element. 

2.  77u  four  affinity  units  of  carbon  are^  as  generally  represented^ 
equal  and  similar  J  i.  e.,  no  difTerences  can  be  discovered  in  them  when 
they  form  compounds. 

If  one  of  the  four  hydrogen  atoms  in  the  simplest  hydrocarbon, 
CH4,  be  replaced  by  a  univalent  atom  or  univalent  atomic  group,  each 
monosubstitution  product  will  appear  in  but  one  modification.  The 
four  hydrogen  atoms  are  similarly  combined,  consequently  it  is  imma- 
terial which  of  them  is  replaced. 

CH,a  CHjOH  CHjNH, 

Chlormethane.  Methyl  Alcohol.  Methvlamine. 

are  known  in  but  one  modification  each  (p.  46). 

3.  The  carbon  atoms  can  unite  with  each  other.  When  two  carbon 
atoms  combine  the  union  can  occur  in  three  ways : 

{a)  The  two  carbon  atoms  unite  with  a  single  valence  each,  leaving 
the  atomic  group,  =  C  —  C  = ,  with  six  free  valences. 

{b)  The  two  carbon  atoms  unite  with  two  valences  each,  then  the 
atomic  group,  =  C  =  C  = ,  with  four  free  valences,  remains. 

{/)  1^0  carbon  atoms  are  united  by  three  valences.  The  residual 
group  — C  ^  C  —  has  but  two  uncombined  valences. 

In  the  first  case  the  union  of  the  two  carbon  atoms  is  single,  in  the 
second  case  double,  and  in  the  third  case  triple.  Carbon  atoms  can 
combine  to  a  greater  degree  with  themselves  than  the  atoms  of  any 
other  elements.  This  gives  rise  to  carbon  nuclei,  carbon  skeletons, 
which  form  either  open  or  closed  carbon  chains  or  rings.  The  uncom- 
bined valences  of  the  carbon  nuclei  can  saturate  or  take  up  the  atoms 
of  other  elements  or  other  atomic  groups.  This  would  explain  the 
existence  of  the  almost  numberless  carbon  compounds. 

The  mutual  union  is  indicated  by  formulas  or,  according  to  the 
recommendation  of  Couper,  by  lines.  These  formulas  represent  the 
structure  of  the  compounds ;  they  are  structural  formulas  : 

H  H  H  H 

H  — C— H         H  — C  — a        H  — C  — O  — H        H  — C  — N<JJ 

I  II  I  " 

H  H  H  H 

Saturated  and  Unsaturated  Compounds. — Saturated  carbon 

compounds  are  those  in  which  the  carbon  atoms  are  united  by  a  single 

bond  to  each  other.     They  cannot  be  united  by  more  valences  unless 

the  carbon  chain  is  broken  up.     Unsaturated  compounds  are  those  in 

"  "  "  a  double  or  triple  union  between  carbon  atoms  exists.     As  a 

nion  is  sufficient  to  link  carbon  atoms  together,  a  pair  of  car- 
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bon  atoms  with  double  union  can  take  up  two  additional  valence  units. 
This  would  dissolve  the  double  union,  giving  rise  to  single  linkage 
without  destruction  of  the  chain,  e.g, 

H 
H— C— H  I 

=  H— C  — H 


II  +2H 

C— I 
Ethylene . 


H  — C— H  I 

H  — d:— H 

I 

Ethane. 


Two  carbon  atoms,  trebly  linked,  can  take  up  four  valences.  The 
dissolution  of  the  triple  union  may  proceed  step  by  step.  The  triple 
linkage  may  first  be  changed  to  a  double  linkage  and  then  to  a  simple 
union: —  (    4 

C  — H  2H  H  — C  — H  2H  H  — C  — H 

C  — H  H— C— H  11  — C—H 

The  unsaturated  compounds,  by  the  breaking-down  of  their  double 
and  triple  unions  and  the  addition  of  two  or  four  univalent  atoms, 
pass  into  saturated  compounds.  « 

This  same  dq)ortment  is  observed  with  many  other  compounds  containing  carbon 
and  oxygen,  doably  combined,  =  C  =  O  (aldehydes  and  ketones)  or  double  and 
triple  union  of  carbon  and  nitrogen,  =C=-N  —  C  =  N  (acid  nitriles,  imides,  ox- 
imes).  They  are  in  the  same  sense  unsaturated ;  by  the  breaking  down  of  their 
doable  or  triple  union  they  change  to  saturated  compounds  in  which  the  polyvalent 
atoms  are  linked  by  a  single  bond  to  each  other : 

H  H 

H  — C  — O  I  C=N  I 

H  — C  — 


I  H  — C— OH  I  H  — C— NH, 

H  — C— -H-f2H=  I  H  — C  — H-f.4H=  I 

I  H  —  C  — H  I  H  — C  — H 

H  ^vV^^  I  .  ..  tt  I 

H     •  ^  ..  H 

.  Acctaldchyde.  Ethyl  Alcohol.  Acetonitrile.  Ethylamine. 

Radicals,  Residues,  Groups. — ^The  assumption  of  radicals,  able 
to  exist  alone  and  play  a  special  rdle  in  molecules,  has  been  abandoned. 
The  structural  formulas  are  unitary  formulas — they  give  no  especially 
favorable  position  to  one  atom  over  another  ih  the  molecule.  Radicals 
are  atomic  groups,  chiefly  those  containing  carbon,  which  in  many 
reactions  are  unaltered  and  pass  from  one  compound  into  another. 
In  this  category  must  also  be  included  the  uni-,  bi-,  tri-,  and  poly- 
valent atomic  complexes,  which  remain  when  atoms  or  ato»" 
groups  are  removed  from  saturated  bodies.     By  the  gradual  ren' 
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of  hydrogen  methane  yields  the  following  radicals,  having  different 
valences : 


CH^ 

— CH, 
Methyl 

=CH, 

^CH 

Methane 

Methylene 

Methenyl  or  Methine 

saturated. 

tinivalent  radical. 

bivalent  radical. 

trivalent  radical. 

If  such  radicals  are  isolated  from  proper  compounds,  e,  g,^  the 
halogen  derivatives,  then  two  9f  them  unite  to  form  a  molecule : 


*  -' .'  > 


CH,I<,  CH, 

CH,I 


+  2Na  =      I       4-  2NaI 


CH,T,  ^'  '      '  CH, 

+  4Cu  =  II       +  2Cu,T, 

CH,I,  CH, 

CHCl,'^**'     "  CH 


CHQ, 


4-  6Na  =    III       -\-  6Naa 


Or,  an  atomic  rearrangement  may  occur  with  the  production  of  a 
molecule  of  the  same  number  of  carbon  atoms: 

CHCl,  CH,  CH=r 

I  -I-  2Nt  =       II        4-  2NaCl  (and  not)    | 

CH,  CH,  CH, 

The  expressions  residue  and  group  are  similar  to  radical.  They 
are  chiefly  applied  to  inorganic  radicals,  ^.  ^., 

— OH    water  residue  or  hydroxyl  group, 

— SH    hydrogen  sulphide  residue  or  sulphydrate  group, 

— NH,  ammonia  residue  or  amido  group, 

=NH   imido  group, 

— NO,  nitro  group, 

— NO   nitroso  group. 

Homolog9Ui  and  Isologous  Series. — Schiel,  in  1S42  (A.  43,  107 ;  no,  141),  directed 
attention  to  the  phenomenon  of  homology,  giving  as  evidence  tite  alcohol  radicals. 
Shortly  alter  Dumas  observed  it  in  the  fatty  acids  Gerhardt  introduced  the  terms 
homologous  and  Uologous  series^  and  showed  the  rdle  these  series  a.ssumed  in  the 
classification  of  the  carbon  derivatives.  It  was  the  theory  of  atomic  linking  that  first 
disclosed  the  cause  of  homology. 

The  different  manner,  in  the  linking  of  the  carbon  atoms,  shows 
itself  most  plainly  in  their  hydrogen  compounds — in  the  so-called 
hydrocarbons.  By  removing  one  atom  of  hydrogen  from  the  simplest 
hydrocarbon,  methane,  CH4,  the  remaining  univalent  group,  CH„  can 
combine  with  another,  yielding  CH,— CH„  or  C,H„  ethane  or  di- 
methyl. Here,  again,  an  hydrogen  atom  may  be  replaced  by  the 
group  CH„  resulting  in  the  compound  CH, — CH, — CH„  propane. 
The  structure  of  these  derivatives  may  be  more  clearly  represented 
graphically : — 
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H  H   H  H    H    H 

H— C— H  H— C— C— H  H— C— C— C— H,  etc. 

CHj  ^Hf  ^^8 

By  continuing  this  chain-like  union  of  the  carbon  atoms,  there  arises 
an  entire  series  of  hydrocarbons : — 

CH,  —  CH,  —  CH,  —  CH,  CH,  —  CH,  —  CH,  —  CH,  —  CH,,  etc. 

The  compounds  constituting  such  a  series  are  said  to  be  homologous. 

The  composition  of  such  an  homologous  series  can  be  expressed  by 
a  general  empiric  or  rational  formula.  The  series  formula  for  the  marsh 
gas  or  methane  hydrocarbons  is  €.11^^,. 

Each  member  differs  from  the  one  immediately  preceding  and  the 
one  following,  by  CH,.  The  phenomenon  of  homology  is  therefore 
due  to  the  linking  power  of  the  quadrivalent  carbon  atoms. 

In  addition  to  the  hydrocarbons  forming  such  a  series,  many  others 
exist,  e.g,t  the  monohydric  alcohols,  the  aldehydes  and  monobasic 
acids: — 

CnHjuft^  CnHjoO  CnH,nO, 

CH.O^methyl  alcohol  CH,0— formaldehyde  CH,Q,— formic  add 

C,H,0— ethyl  alcohol  CjH^O— acetaldehyde  CjH^O,— acetic  acid 

C^HgO — propyl  alcohol  ^^O — propionaldehyde  C,HfO, — propionic  acid 

C^H^O — butyl  alcohol  C^HgO — ^butyraldchyde .  C^HgO, — butyric  acid. 

Carbon  compounds,  alike  chemically,  but  differing  from  each  other  in  composition 
by  a  difference  other  than  nCH,,  e,  g.,  the  saturated  and  unsaturated  hydrocarbons, 
form  isUogoms  series,  according  to  Gerhiudt : 

C|H.g  —  CjH^  —  CjHj 

Isomerism :  Polymerism ;  Metamerism ;  Chain  or  Nucleus 
Isomerism;  Position  or  Place  Isomerism. — The  view  once 
prevailed  that  bodies  of  different  properties  must  necessarily  possess  a 
different  composition.  The  first  hydrocarbons,  showing  that  this  opin- 
ion was  erroneous,  were  discovered  in  1820. 

Liebig,in  1823,  demonstrated  that  silver  cyanate  and  fulminate  were  identical.  In 
1825  Faraday  found  in  a  compressed  gas  a  liquid  hydrocarbon  having  the  same  com- 
positioo  as  gaseous  ethylene.  In  1828  W6hler  changed  ammonium  cyanate  to  urea, 
and  in  i8jo  fierzelius  established  the  similarity  of  tartaric  acid  and  racemic  acid. 

Berzelius,  in  1830,  designated  as  isomerides  (Jffofxzpij^)  bodies  of  sim- 
ilar composition,  but  different  in  properties.  A  year  later  he  distin- 
guished two  kinds  of  isomerism,  viz.,  isomerism  of  bodies  of  different 
molecular  xsas^'— polymerism y  and  bodies  of  like  molecular  mass — meta- 
mensm. 

Numerous  isomeric  carbon  derivatives  were  discovered  in  rapid  suc- 
cession, hence  an  answer  as  to  the  question  what  causes  isomeric  phe- 
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nomena  acquired  importance  for  the  development  of  organ iV:  chemistry. 
The  deeper  insight  into  the  structure  of  carbon  compounds,  which  was 
gradually  attained,  gave  rise  in  consequence  to  a  further  division  of 
metameric  phenomena. 

The  expression  metafnerism  was  employed  to  designate  that  kind  of 
isomerism  which  is  due  to  the  homology  of  radicals  held  in  combina- 
tion by  atoms  of  higher  valence.  If  the  homologous  radicals  are 
joined  by  polyvalent  elements,  then  those  compounds  are  metameric, 
in  which  the  sum  of  the  elements,  contained  in  the  radicals,  is  the 
same  (H  may  be  viewed  as  the  simplest  radical) : 


H  In    is 
hJ 


Ethyl  Alcohol. 
Propyl  Alcohol. 

H  In 

H  j 

Ethylamine. 

metameric  with 


is  metftmeric  with 


CHj" 
Methyl  Ether. 


U  metameric  with 


C,H, 


Y 


is  metameric  with 


<2-H. 


Ethyl  Methyl 
Ether. 

CH, 

CH 


h.}n 


Propylamine. 


h,[n 

H  j 


Dimethylamine 
and 


Ethyl  Methyl- 
amine. 


CH, 
CH, 
CHi 
Tri  methyl- 
amine. 


The  constitution  of  the  radicals  in  this  division  was  disregarded, 
the  type  formulas  were  sufficiently  explanatory.  We  have  recognized 
the  power  of  the  quadrivalent  carbon  atoms  to  unite  in  a  chain-like 
manner  as  the  cause  of  homology,  and  to  this  cause  may  be  attributed 
other  phenomena  of  isomerism,  which  are  not  properly  included  under 
metamerism. 

In  deducing  the  formulas  of  the  five  simplest  hydrocarbons  of  the 
homologous  series  CbH^^,,  the  ethane  formula  CH, .  CH,was  de- 
veloped from  that  of  methane  CH4,  and  the  propane  formula 
CH,.  CH,.  CH,  from  the  ethane  formula  C,H,.  In  the  case  of  propane 
intermediate  and  terminal  carbon  atoms  are  distinguished.  The  former 
are  attached  on  either  side  to  two  other  carbon  atoms,  still  possess- 
ing two  valence  units  which  are  saturated  by  two  hydrogen  atoms. 
The  terminal  carbon  atoms  are  linked  to  three  hydrogen  atoms. 

With  the  next  member  of  the  series  we  observe  a  difference.  Above, 
the  fact  that  an  hydrogen  of  the  terminal  methyl  group  of  propane 
was  replaced  by  methyl  was  the  only  condition  considered.  This  led 
to  the  formula  CH, .  CH, .  CH,  .  CH,.  However,  the  CH,-group 
might  replace  an  hydrogen  atom  of  the  intermediate  CH,-group,  and 

CH,.CH.CH,. 

n  the  result  would  be  the  formula  I  In  this  hydrocar- 


CH, 
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bon  there  is  a  branched  CBxhon  chain.    The  hydrocarbon  with  a  con- 

CH| .  CH  .  CrX| 
tinuous  chain  is  termed  butane;  i ts  isomeride  is  isobutane —  I 

CH, 

Theoretically,  by  a  similar  deduction,  the  two  butanes  yield  three 

isomeric  pentanesi  ^  .  ^  s 

c '    '  C^^    .   V     * '  CH, 

*  I 

CH,  .  CH,  .  vM,  .  Crr,  .  CH,         CH,  .  CH  .  CH,  .  CH,.  H,C  —  C  —  CH, 

Normal  Pentanel  i  I 

CH,  *  CH, 

/      Isopentane.  Pseudopentane 

/VvA^'^«»v^C       '.V)uvJ^  fetramethy  I  Methane. 

These  hydrocarbons  are  really  known. 

The  number  of  possible  isomer  ides  increases  rapidly  with  the  increase 
in  carbon  atoms  (B.  27,  R.  725). 

The  cause  of  isomerism  in  the  homologous  paraffins,  as  in  so  many 
other  cases,  is  the  different  constitution  of  the  carbon  chain.  The 
isomerism  caused  by  a  difference  in  linking,  by  the  different  structure 
of  the  carbon  nucleus  or  the  carbon  chain,  is  termed  nucleus  or  chain 
isomerism. 

The  investigation  of  the  substitution  products  of  the  paraffin  hydro- 
carbons brings- to  light  another  kind  of  isomerism.  The  principle  of 
similarity  of  the  four  valences  of  a  carbon  atom  renders  logical  and 
possible  but  one  monochlor  substitution  product  of  methane  and  ethane. 
The  same  consideration  which  heretofore  recognized  the  possibility  of 
two  methyl  substitution  products  of  propane,  the  two  butanes  possible 
by  theory,  leads  to  the  possibility  of  two  monocKior-proprfnes,  depend- 
ent upon  whether  the  chlorine  atom  has  replaced  the  hydrogen  of  a 
terminal  or  intermediate  carbon  atom : 

CH,  .  CH,  .  CH,a  CH,  .  CHCl .  CH, 

Normal  Propyl  Chloride.  Isopropyl  Chloride. 

If  two  hydrogen  atoms  of  one  of  the  carboi^  atoms  of  propane  be 
replaced  by  an  oxygen  atom,  the  following  case  of  isomerism  arises : 

CH,  .  CH,  .  CHO  CH, .  CO  .  CH, 

Propyl  Aldehyde.  Acetone. 

In  the  case  of  the  two  known  chlorpropanes,  and  also  in  the  case  of 
propyl  aldehyde  and  acetone,  the  cause  of  the  isomerism  is  not  due 
to  difference  in  constitution  of  the  carbon  chain,  but  to  the  different 
position  of  the  chlorine  atoms  with  reference  to  the  oxygen  atoms  of 
the  same  carbon  chain.  Isomerism,  induced  by  the  different  arrange- 
ment or  position  of  the  substituting  elements  in  the  same  carbon  chain, 
is  designated  isomerism  oi place  or  position. 

The  intimate  relationship  of  the  two  varieties  of  isomerism  is  appa- 
rent from  the  derivation  of  the  ideas  of  nucleus  or  chain  isomerism  and 
place  ox  position  isomerism. 

Recent  Views  Pertaining  to  the  Structural  Theory.— The 
theory  of  atomic  linking  not  only  revealed  an  insight  into  the  causes  of 
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innumerable  isomeric  phenomena,  but  predicted  unknown  instances  and 
determined  their  number  in  a  very  definite  manner.  In  many  cases 
isomeric  modifications,  possible  by  theory,  were  discovered  at  a  later 
period.  For  certain  isomerides,  however,  at  first  few  in  number,  the 
structural  formulas  deduced  from  their  synthetic  and  analytical  reac- 
tions were  insufficient,  inasmuch  as  different  compounds  were  known, 
to  which  the  same  structural  formula  could  be  given.  The  greatest 
similarity  in  reactions  indicative  of  the  structure  was  combined  with  a 
pre-eminently  absolute  difference  in  physical  properties  of  the  com- 
pounds belonging  in  this  class.  The  tendency  at  first  was  to  designate 
such  bodies  physical  isomerides^  meaning  thereby  an  aggregation  of 
varying  complexes  of  chemically  similar  molecules. 

The  following  groups  of  such  isomerides  have  been  well  investigated : 

HOHC .  CO,H 

1.  The  four  symmetrical  dioxysuccinic  acids  :  I  ,  the  or- 

HOHC .  CO,H 

dinary  or  dextrotartaric  acid^  and  racemic  acid  which  were  proved 
to  be  isomeric  in  1830  by  Berzelius.  To  these  were  added,  through 
Pasteur's  classic  researches,  laevo-tartaric  and  the  inactive  or  meso- 
tartaric  acids. 

CH  .  CO,H 

2.  The  two  symmetrical  ethylene  dicarboxyUc  acids  \  ||  ,  fu- 
made and  maleic  acids.                                                   CH  .  CO,H 

3.  The  three  a-oxypropionic  acids :  CH,  .  CH  .  OH  .  CO^H— 
inactive  lactic  acid  of  fermentation  and  sarcolactic  acid.  To 
these,  lasvolactic  acid  has  been  recently  added. 

Substances  are  included  among  these  compounds,  which  liquified, 
either  fused  or  in  solution,  turn  the  plane  of  polarization  either  to  the 
right  or  left.  The  direction  of  deviation  is  indicated  by  prefixing 
"  dextro  "  or  **  laevo  "  to  the  name  of  the  bodies  thus  acting.  Such 
carbon  compounds  are  "optically  active"  in  contradistinction 
to  the  other  almost  numberless  derivatives  which  exert  no  influence  on 
polarized  light  and  are  ''optically  inactive  *'  or  "  inactive." 

A  direct  synthesis  of  optically  active  carbon  compounds  has  not 
yet  been  achieved,  although  optically  inactive  bodies  have  been  syn- 
thesized. Pasteur  has  discovered  methods  by  means  of  which  the 
latter  can  be  resolved  into  their  components,  which  rotate  the  plane 
to  an  equal  degree  but  in  opposite  direction.  Upon  splitting  sodium- 
ammonium  racemate  into  sodium-ammonium  laevo- and  dextro-tartrates 
Pasteur  observed  that  the  crystals  of  these  salts  manifested  hemi- 
hedrism ;  that  they  behaved  as  an  object  and  its  image  toward  each 
other ;  and  that  like  layers  of  equally  concentrated  solutions  of  these 
salts,  at  like  temperature,  deviated  the  plane  of  polarized  light  to  an 
equal  degree  in  opposite  directions. 

In  x86o  Pasteur  expressed  himself  as  follows  upon  the  cause  of  these  phenomena — 
upon  molecular  asymmetry :  *  *  Are  the  atoms  of  the  dextro-acid  grouped  m  the  form  of 
a  dextro-gyratory  spiral,  or  are  they  arranged  at  the  angles  of  an  irregular  tetrahedron, 
or  are  they  distributed  according  to  some  other  asymmetric  arrangement  ?  We  know 
not.    Undoubtedly,  however,  we  have  to  do  with  an  asymmetric  arrangement,  the 
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images  of  which  cannot  mutually  cover  each  other.  It  is  not  less  certain  that  the 
atoms  of  the  laevo-acid  are  arranged  in  opposite  order.'*  In  1873  J.  Wislicenus 
added  this  comment  to  the  evidence  of  similar  structure  in  the  opticall  j  inactive  lactic 
acid  of  fermentation  and  the  optically  active  sarcolactic  add ;  **  Facts  compel  us  to 
explain  the  difference  of  isomeric  molecules  of  like  structural  formula  by  a  difference 
in  arrangement  of  the  atoms  in  space."  How  the  spacial  configuration  of  the 
molecules  of  carbon  compounds  was  to  be  represented  was  answered  almost 
simultaneously  and  independently  of  each  other  by  van 't  Hoff  and  Le  Bel  (1874) 
(B.  26,  R.  36).  To  do  this  they  introduced  the  hypothesis  of  the  asymmetric 
carbon  atom.  This  hypothesis  is  the  ImisIs  of  the  chemistry  of  space  or  stereo- 
chemistry of  the  carbon  atom. 

The  hypothesis  of  an  asymmetric  carbon  atom  *  is  chiefly 
designed  to  explain  optical  activity  and  the  isomerism  of  optically 
active  carbon  compounds. 

While  the  theory  of  atomic  linking  abstains  from  any  representation 
of  the  spacial  arrangement  of  the  atoms  combined  with  each  other  to 
form  a  molecule,  the  experiences  gathered  from  the  investigation  of 
simple  carbon  compounds  demonstrate  that  definite  spacial  position- 
relations  do  not  harmonize  with  actual  facts.  Assuming  that  the  four 
valences  of  a  carbon  atom  act  in  a  plane  and  in  perpendicular  direc- 
tions upon  each  other,  the  following  possible  isomerides  for  methane 
are  evident : 

No  isomerides  of  the  types  CH,R*  and  CH(R*), 

Two       '*        **     "      "     CH,(R»)„  CH,R*R«,  CHR«(R')„ 

Three     '*        **     "       "     CHR'R'R*. 

Methylene  iodide,  for  example,  should  appear  in  two  isomeric  modifications : 

H  H 

I— C— I    and    H— C— I 

A  1 

However,  two  isomerides  of  no  single  disubstitution  product  of 
methane  have  been  found ;  consequently,  it  is  very  improbable  that 
the  four  affinities  of  a  carbon  atom  are  disposed  in  the  manner  indi- 
cated atx>ve.  The  carbon  atom- models  of  Kekul^  represent  the  carbon 
atom  as  a  black  sphere  and  the  quadri valence  of  it  by  four  needles  of 
equal  length  and  firmly  attached  to  the  sphere  (Baeyer  terms  them 
axes).     These  needles  are  not  perpendicular  to  each  other,  nor  do 


*  Pasteur:  Recherches  sur  la  dissymitrie  mol^culaires  des  produits  organiques 
oatnrels.  LiC^ons  de  chimie  profess^es  en  i860.  Paris,  1861.  Vgl.  Ostwald's 
Klassiker  der  exacten  Wissenschaften,  Nr.  28:  Ueber  die  Asymmetrie  bei 
natSrlich  ▼orkommenden  organischen  Verbindungen,  von  Pasteur.  Uebersetzt  und 
berausgegeben  von  M.  und  A.  Ladenburg.  J.  H.  van  't  HofT:  Dix  annies  dans 
rbistoire  d'une  th6orie,  1887.  K.  Auwers:  Die  Entwickelung  der  Stereochemie, 
Heidelberg,  1890.  A.  Hantzsch :  Grundriss  der  Stereochemie,  Breslau,  1893.  C.  A. 
Bischoff :    Haoidbuch  der  Stereochemie,  1893. 
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(bey  lie  in  the  mate  piarw,  bnt  are loamiiged  thai  pbimpbcedaboat 
ihcir  tenninali  prorfiw*  a  rp^'ilar  tetrahedron,  ran  t  H';^*  gmenli- 
xations  are  based  apno  thi<i  nw^del :  their  luodaiaeatais  wiii  be  nan 
fully  developed  in  the  followinf;  fiogo. 

On  the  assumption  thai  the  affinities  of  a  carbon  aton  are  ananged 
like  thesummitii  of  a  rej^ular  tetrahedron,  in  the  center  of  which  there 
is  the  carbon  atom,  there  wnild  tie  no  imaginable  isomeridcs  coincid- 
ing with  CH/R'J„  f:H,R'k',CHR'fR\,  but  a  case  CHR'R'R'  or 
the  more  general  CR'R'R'R' — an  i^^imenc  phenomenoD  of  pecnliar 
nature — might  be  predicted.  A  carbon  atom  of  this  descripdon— one 
that  is  connected  with  foar  different  univalent  atoms  or  atomic  groops 
— van  't  Hoff  has  designated  an  asymmtlrie  carbon  atom,  proposiQg  to 
represent  it  by  an  italic  C.     It  is  sometimes  indicated  by  a  small  star. 

If  a  compound  contains  an  asymmetric  carbon  atom  we  can  con- 
ceive of  its  existence  in  two  isomeric  modifications,  the  one  being  an 
image  of  the  other : 


\ 


Tbese  ipMciil  arruigemenu  a 
MCRMcd  by  Kcka]«,  «u]'lHofl.    .  _  ,.         .     , 

fDrfi^  of  p«xr.  Tui't  Hoff  intntdaced  letisbedron  models  in  which  the  wild 
■agin  were  colored  ;  this  wu  to  raprocDl  uid  indicUe  ditfereni  ndioli.  They  lack 
Ibii  advuiiage,  poueued  by  Ihe  Kekuli  model,  thai  the  carbon  alom  baa  entirelydis- 
appeared  Trom  the  model.  It  mu*!  be  imigiDcd  u  being  ia  the  center  of  the  tetn- 
bedron,  and  id  projectioaiof  tbese  modeli  (aee  above)  the  radicals  are  united  toeach 
other  by  lines,  the  latter,  bowcrer,  not  in  any  tense  representing  ■  chemkal  union. 

In  the  left  tetrahedron  the  successive  series  R'R'R*  proceeds  in  a 
direction  directly  opposite  to  that  of  the  hand  of  a  watch,  while  in 
the  right  tetrahedron  the  course  coincides  with  that  of  the  hand.  The 
two  figures  cannot,  by  roUtion,  be  by  any  means  brought  into  the 
same  position, — that  is,  in  a  position  to  cover  each  other  completely, — 
Jii>  '         he  left  hand  can  be  made  to  cover  the  right,  or  a 

('ii-t':"-   I-         -■■  or  reflection. 

The  Isomerism  of  Optically  Active  Carbon  Compounds. — 

The  cause  of  ..[iiJcal  activity,  in  the  opinion  of  van  'tHoff  and  of  Le 

Bel.  is  the  pre;  i;ce  of  one  or  several  asymmetric  carbon  atoms  in  the 

>V' ly  optically  active  body.    It  is  obvious  that  two  molecules 

'iflcr  in  that  the  series  of  atoms  or  atomic  groups  attached 

Ctric  carbon  atom  differ  successively  in  order  of  arrange- 

ihtrefore  are  identical  in  chemical  structure,  must  be  so 

omical  properties  as  to  give  rise  to  confusion.     However, 
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those  physical  properties,  upon  which  the  opposite  successive  series 
of  atoms  or  atomic  groups  in  union  with  asymmetric  carbon  exerts  an 
influence,  ^.  g.,  the  power  of  deviating  the  plane  of  polarized  light, 
must  be  equal  in  value,  but  as  regards  the  prefix  they  are  opposite. 
The  union  of  two  molecules  identical  in  structure,  having  equal  but 
opposite  rotatory  power,  gives  rise  to  a  molecule  of  an  optically  inac- 
tive polymeric  compound. 

Compounds  Contaimng  an  Asymmetric  Carbon  Atom, — o  Oxy pro- 
pionic acid,  CH, — *CHOH  .  CO,H,  has  been  brought  forward  as  an 
example  of  a  compound,  containing  one  asymmetric  carbon  atom. 
It  can  appear  in  two  optically  active,  structurally  identical,  but  physi- 
cally isomeric  and  one  optically  inactive,  structurally  identical  poly- 
meric modifications : 

OH  OH 


^3^ ^^CO^  CO^H^^^ ^ 

Dcztro-Iactic  Acid.  Laevo-lactic  Acid. 

(Sarcolactic  Acid.) 

OH  OH 


i  —  H  -f  C  — H 

H,C       CO,H  CO,H  CH, 

{ (+)  a-ucdc  Acid  (-)  i.L.ctic  Add } = ^\:i^,:u^:T^^ 

The  following  compounds  also  contain  one  asymmetric  carbon 
atom: 

Leucine CH,  ♦CHNH..  CO.H 

Malic  Add CO,H.  CH..  *CH  OH.  CO.H 

Aspaiagine, CO  NH,.  CH,.  *CHNH,.  CO.H 

Mandelic  Acid, C,  H,.  *CH.OH.  CO,H 

Conine, ^^«<Ch'-cJl>^" 

Each  of  the  preceding  bodies  is  known  in  two  optically  active  and 
one  optically  inactive  modifications. 

Compounds  Coniatning  Two  Asymmetric  Carbon  Atoms. — The  rela- 
tions are  more  complicated  when  two  carbon  atoms  are  present. 

The  simplest  case  would  then  be  that  in  which  similar  or  like  groups 
are  in  union  with  the  two  asymmetric  carbon  atoms.     The  one-half  of 


4S 


ORGANIC  CHEMISTRY. 


the  molecule  would  be  constructed  chemically  just  like  the  other  half. 
The  four  isomeric  dioxysuccinic  acids  belong  in  this  group.  This  group 
of  so-called  tartaric  acids  has  become  of  the  greatest  importance  in  the 
development  of  the  chemistry  of  optically  active  carbon  derivatives. 

They  were  the  first  to  be  most  carefully  investigated  chemically, 
optically,  and  crystallographically,  and  were  used  by  Pasteur  in  the 
development  of  methods  for  the  splitting-up  of  the  optically  inactive 
compounds  into  their  optically  active  components  (p.  65).  Their 
importance  was  increased  in  addition  by  the  fact  that  they  were 
brought  into  an  intimate  genetic  relation  with  fumaricand  maleic  acids 
— two  isomeric  bodies  which  will  be  considered  in  the  next  section 

(P-  50). 
Should  a  carbon  compound  contain  two  asymmetric  carbon  atoms 

united  to  similar  groups  then  to  the  three  isomeric  modifications  which 

a  compound  containing  one  asymmetric  carbon  atom  is  capable  of 

forming  comes  a  fourth  possibility.     If  the  groups  linked  to  one 

asymmetric  carbon  atom,  viewed  from  the  line  of  union  of  the  two 

asymmetric  carbon  atoms,  show  an  opposite  successive  arrangement  to 

that  of  the  other  asymmetric  carbon  atom,  an  inactive  compound  results, 

due  to  an  intramolecular  compensation:    the  action  due  to  the  one 

asymmetric  atom  upon  polarized  light  will  be  canceled  by  an  equally 

great,  but  opposite  action  caused  by  the  other  asymmetric  carbon 

atom. 

The  hypothesis  of  the  asymmetric  carbon  atom  gave  the  first  and, 

indeed,  the  only  satisfactory  explanation  for  the  occurrence  of  four 

isomeric  symmetrical  dioxysuccinic  acids.     The  following  formulas 

represent  these  four  acids : 


OH^MO^ 


HO 


HO 


CO,H 
(z)  Dcxtrotartaric  Acid.     (2)  Laevotartanc  Acid 


DcxtroUrtaric  Acid  +  Laevotartaric  AcicT—  (4)  Racemic  Acid. 


(3)  Inactive  or  Mesotartaric  Acid. 
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The  possibilities  of  isomerism  with  carbon  compounds  containing 
more  than  two  asymmetric  carbon  atoms — a.  condition  observable  with 
the  polyhydric  alcohols,  their  corresponding  aldehyde  alcohols,  and 
ketone  alcohols  (the  simplest  sugar  varieties),  as  well  as  with  their 
oxidation  products,  will  be  more  elaborately  discussed  under  these 
several  groups  of  compounds. 

Geometrical  Isomerism,  Stereoisomerism  in  the  Ethylene 
Derivatives  {^Aiioisomerism), — Two  carbon  atoms  singly  linked  to 
each  other  whose  valences,  not  required  for  mutual  union,  hold  other 
atoms  or  atomic  groups,  should  be  considered  as  able  to  rotate 
independently  of  each  other  about  their  axis  of  union.  J.  Wislicenus 
assumes,  however,  that  the  atoms  or  atomic  groups  combined  with 
these  two  carbon  atoms  exercise  alternately  a  ** directing  influence" 
upon  each  other  until  finally  the  entire  system  has  passed  into  the 
"favorable  configuration"  or  the  "preferred  position."  It  follows 
from  this  assumption  that,  in  ethane  derivatives  in  which  asymmetric 
carbon  atoms  are  not  present,  structurally  identical  isomerides  cannot 
occur.  When  the  van  't  Hoff  tetrahedron  models  are  employed  to 
represent  two  systems  united  to  each  other  by  carbon  atoms  singly 
linked  then  the  two  systems  rotating  independently  of  each  other  about 
a  common  axis  move  each  in  the  solid  angle  of  a  tetrahedron  (com- 
pare the  projection-formula  of  the  tartaric  acids  shown  above). 

A  different  state  prevails  where  the  carbon  atoms  are  doubly  linked. 
The  double  union,  according  to  van  't  Hoff,  prevents  a  free  and 
independent  rotation  of  the  two  systems  and  space-isomerides  are 
possible. 

The  tetrahedron  models  represent  this  double  union  in  such  a 
manner  that  two  tetrahedra  have  two  summits  in  common  and 
arrange  themselves  about  a  common  edge.  The  differences  in  chemi- 
cal deportment  of  this  class  of  isomerides  are  frequent  and  important. 
lliey  are  to  be  attributed  to  the  greater  or  less  spacial  removal  of  the 
atomic  groups,  which  determine  the  chemical  character. 

Compounds  having  the  common  formulas  abC  =  Cab  or  abC  =  Cac, 
may  exist  in  two  isomeric  modifications.  In  one  instance  groups  of 
like  name  are  directed  toward  the  same  side — according  to  J. 
Wislicenus  the  "plane  symmetric  configuration" — or  they  are 
directed  toward  opposite  sides — then  they  have  according  to  the  same 
author  the  central  or  axially  symmetric  configuration.  Baeyer 
suggests  for  this  form  of  asymmetry  the  term  "relative  asymmetry"  in 
contradistinction  to  the  kind  of  asymmetry  which  substances  with 
asymmetric  carbon  atoms  show ;  the  latter  he  prefers  to  call  "  absolute 
asymmetry."  The  structurally  symmetric  ethylene  dicarboxylic  acid 
is  the  most  striking  example  of  this  class  of  isomerism.  It  exists  in 
two  isomeric  modifications.  They  are  fumaric  and  maleic  acids.  Both 
have  been  very  carefully  investigated.  Maleic  acid  readily  passes  into 
an  anhydride,  hence  the  plane  symmetric  configuration  is  ascribed  to 
it.  Fumaric  acid  does  not  form  an  anhydride ;  to  it  is  given  the  axial 
symmetric  configuration.  In  this  the  two  carboxyl  groups  are  as 
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vjddj  raaoved  from  each  other  as  pooible.  In  projection  formulas 
and  in  stnictiual  fonntilas,  to  iHiich  there  is  given  a  spacial  aspect,  the 
configmation  of  these  two  acids  would  be  represented  in  the  following 
way; 


HC.CO,H  \   X  /  HOjCCH 

HCCO^  /X  \  HCCOjH 

FwBaric  Acid. 
Ccflira]  or  Axially  SyauDctric 


The  isomerism  of  mesaconic  and  citraconic  acids,  (CH,)  (CO|H)  C = 
CH  (CO,H),  is  of  the  same  class ;  the  first  acid  corresponds  to  fiimaric 
acid  and  the  second  to  maleic  acid.     Further  examples  of  the  class  are : 

Crolooic  and  Itocrotonic  Adds, .  CH,  CH :  CHCO,  H. 
Angelic  vA  Tiglic  Adds,  .   .   .  CH,.  CH :  C  (CH,)  CO,H. 

Oldc  and  EUldic  Adds. C^  H„  CH :  CHCO,H. 

Enidc  and  Brassidic  Adds, .   .   .  C,  H„  CH :  CH.  C,,  H«.  CO,H. 
The  two  a-ChlorcTDtonic  Adds,  .  CH,.  CH  :  CO.  CO,H: 

"     ••  /3-Cblorcrotonic  Adds,  .  CH,.  CCl:  CH.  CO,H. 

••     "  Tolane  Dichlorides,  .   .  C,H.  CO :  CQ  C,  H*. 

"     •«         "      DibrtMnides,  .    .  C-  H,  CBr :  CBr  C;  H,. 

•'     •'  o-Dinilrostilbcncs,      .    .  NO.  [2]  C,  H.  [ij  CH  :  CH  [i]  C;,  H^  ]2]  NO,. 
Cinnamic  and  Allodnnamic  Adds,  C,  H,.  CH :  CH  CO,H. 
The  two  a-Bromdnnamtc  Adds,  C,  H,.  CH :  CBr  CO,H. 

'«      "  /9-Bronidnnamic      *•      C,  H..  CBr:  CH  CO.H. 

««      "  Cdomaiic  "      HO  [2]  C,  H^  [i]  CH :  CH.  CO,H,  etc. 

Isomeric  phenomena  of  this  kind  Michael  designates  alio-isomensm  : 
he  connects  with  it,  however,  no  assumption  as  to  its  cause.  When, 
upon  the  application  of  heat,  a  body  passes  into  a  more  stable  modifi- 
cation Michael  prefixes  ''  alio  "  to  the  name  of  the  more  stable  form ; 
thus,  fumaric  acid  is  allomaleic  acid  (6.  19,  1 384). 

Fumaric  and  maleic  acids  are  placed  at  the  head  of  this  class  of 
isomeric  phenomena  not  only  because  they  have  been  most  thoroughly 
investigated,  but  chiefly  because  the  two  optically  inactive  dioxytar- 
taric  acids  bear  to  them  an  intimate  genetic  relation  (p.  48).  Kekul^ 
and  AnschUtz  showed  that  by  potassium  permanganate  fumaric  acid  was 
converted  into  racemic  acid,  and  maleic  acid  into  mesotartaric  acid. 
This  conversion  harmonizes  beautifully  with  the  van  *t  Hoff-Le  Bel  con- 
ception of  these  acids ;  indeed,  it  might  have  been  predicted.  These  rela- 
tions will  be  more  fully  elaborated  in  the  discussion  of  the  four  acids. 
In  studying  maleic  and  the  alkylmalelc  acids,  the  thought  will  be 
expressed  that  in  all  probability  a  structure  differing  widely  from  that 

igned  fumaric  acid  properly  fails  to  maleic  acid  and  its  derivatives. 
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The  structure  will  be  influenced  by  the  configuration.  The  relations 
are  similar  in  the  case  of  the  coumaric  acids  (see  these). 

Baeyer  considers  that  the  isomerism  of  the  saturated  iso-  or  carbocyclic  compounds, 
as  will  be  more  fully  explained  when  the  hexahydrophthalic  acids  are  described, 
bears  a  definite  relation  to  the  stereo-isomerism  of  the  ethylene  derivatives.  The 
same  author  maintains  that  the  simple  ring-union  of  carbon  atoms  viewed  from  a 
stereochemical  standpoint  has  the  same  signification  as  the  double  union  in  open 
chains.  Therefore,  stereo-isomerism  in  the  carbon  compounds  with  double  union 
would  appear  merely  as  a  special  case  of  isomerism  in  simple  ring-unions.  Baumann 
applied  this  idea  to  saturat^  heterocyclic  compounds — to  the  polymeric  thioaldehydes 
(bee  these). 

Baeyer  suggested  the  introduction  of  a  common  symbol  for  all  geometrical 
isomerides ;  it  was  the  Greek  letter  F,  The  addition  of  an  index  will  enable  one  to 
readily  express  the  kind  of  isomerism.     In  the  case  of  compounds  which  contain 

absolute  asymmetric  carbon  atoms,  the  signs  -| can  be  employed.     Thus  the 

expressions 

Dextio-tartaric  Acid  =  y-j-  -|- 1 

Laevo-      **  **    = /* [Tartaric  Acid 

Mesotartaric         ••    =/H J 

are  understood  without  special  explanation.  In  the  case  of  relative  asymmetry  in 
unsaturated  compounds  and  saturated  rings,  Baeyer  proposes  to  use  the  terms  cis  and 
trans.  Maletc  Acid=/cis,  cis  or  briefly  Zeis  ethylene  dicarboxylic  acid,  while 
fumaric  add  =  /bis,  trans  ethylene  dicarboxylic  acid. 

The  ready  formation  of  iso-  or  carbocyclic  and  heterocyclic  com- 
p>ounds  has  been  attributed  to  the  spacial  arrangement  of  the  atoms,  in 
case  that  five  or  six  atoms  take  part  in  the  ring  formation. 

.Such  stereochemical  considerations  will  be  duly  observed  in  the 
introduction  to  the  iso-  or  carbocyclic  compounds,  as  well  as  in  the 
introduction  to  the  heterocyclic  derivatives,  and  in  the  discussion  of 
the  cyclic  carboxylic  esters  or  lactones,  the  cyclic  acid  amides  or 
lactams,  the  anhydrides  of  dibasic  acids,  etc. 

Hypotheses  Relating  to  Multiple  Unions  of  Carbon. — The 
multiple  unions  of  carbon  are  important  in  stereochemical  considera- 
tions, hence  there  has  not  been  a  lack  of  search  into  the  nature  of  this 
union  as  well  as  attempts  to  represent  it.  All  investigations  in  this 
direction  demonstrate  how  difficult  it  is  at  present  to  understand  so 
obscure  a  force  as  chemical  attraction  or  affinity  resting  upon  a 
mechanical  basis.  Despite  the  demand  and  necessity  that  may  exist  for 
the  introduction  of  hypotheses  dealing  with  the  mechanics  of  multiple 
linkage  the  views  thus  far  presented  are  in  many  essentials  contradic- 
tory and  not  one  has  won  general  recognition  for  itself.  See  Baeyer, 
B.  x8,  2277;  23,  1274;  Wunderlich,  Configuration  organischer 
MolecQie,  Leipzig  (1886) ;  Lessen,  B.  20,  3306;  Wislicenus,  B.  21, 
581;  V.  Meyer,  B.  21,  265  Anm.;  23,  581,  618;  V.  Meyer  und 
Rfecke,  B.  21,  946 ;  Auwers,  Entwickiung  der  Stereochemie 
(Heidelberg  1890),  p.  22-35;  Naumann,  B.  23,  477;  BrQhl,  A. 
21X9  162,  371 ;  Deslisle,  A.  269,  97  ;  Skraup,  Wien.  Monatsh.  Z2, 146. 

Stereochemiatiy  of  Nitrogen. — Isomeric  phenomena  of  nitrogen- containing 
compoundi  of  like  chemical  structure,  which  could  not  be  ascribed  to  the  same  cause 
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as  prevailed  in  carbon  compounds,  led  to  the  transference  of  stereochemical  views  to 
the  nitrogen  atom.  There  appeared  to  be  an  **  absolute  nitrogen  asymmetry ' '  corres- 
ponding to  the  **  absolute  carbon  asymmetry."  Examples  of  this  class  existed  accord- 
ing to  Le  Bel  in  the  unstable,  optically  active  modification  of  methyl-ethyl -propyl- 
isobutyl- ammonium  chloride  (C.  r.  xxa,  724). 

The  isomerisms  of  the  oximes,  according  to  Hantzsch  and  Werner,  and  those  of  the 
hydroxamic  acids,  according  to  Werner,  correspond  to  the  **  relative  asymmetry  **  that 
the  doubly-linked  carbon  atoms  are  capable  of  causing. 

Intramolecular  Atomic  Rearrangements. — Many  investiga- 
tions have  shown  that  certain  modes  of  linking,  apparently  possible 
from  a  valence  standpoint,  cannot,  in  fact,  occur,  or  when  they  do 
take  place  are  possible  only  under  certain  definite  conditions.  In 
reactions,  for  example,  in  which  two  or  three  hydroxyl  groups  should 
unite  with  the  same  carbon  atom,  asplitting-off  of  water  almost  invari- 
ably occurs  and  oxygen  unites  doubly  with  carbon,  e.g^., 

/Q                     /              /0-H\     _ 
CH-C  — a >-|  CH,.C  — O— H  I  >-CH,cf^ 


H.C  — CI  >  I  HC—O— H   I  >-CHf^ 

\C1  \        \n_w/  ^O-H 

On  the  other  hand,  the  ethers  derivable  from  these  unstable  "  alco- 
hols'*  are  stable: 

/O.  CjHj  ^O.  C,Hj 

CHj.C  — O.  CjHj      and        HC  — O.  C,Hj 

In  other  cases  there  is  a  splitting-off  of  an  halogen  hydride,  water  or 
ammonia  with  the  production  of  an  unsaturated  body,  or  an  anhydride 
of  a  dibasic  acid,  or  a  cyclic  ester  (a  lactone)^  or  a  cyclic  amide  (a 
laciaffi).  In  these  reactions  two  molecules  result  from  one  molecule, 
in  which  atom-groups  occur  in  unstable  linkage-relations.  Together 
with  the  organic  molecule  there  is  formed  a  simple  inorganic  body. 
However,  this  course  is  not  the  only  possible  direction  of  change. 
On  the  contrary,  by  intramolecular  atom  rearrangement,  unstable 
atomic  groupings  pass  in  the  moment  of  their  formation  into  stable 
forms,  the  molecular  magnitude  at  the  same  time  not  altering.  The 
hydrogen  atom  especially  is  inclined  to  wander.  This  is  also  true  of 
other  groups  :  alkyl  and  phenyl  groups.  To-day  the  number  of  phe- 
nomena of  this  class  is  remarkably  large.  A  few  examples,  however, 
will  suffice.  A  free  hydroxyl  group  adds  itself  in  most  cases  to  a  car- 
bon atom  in  double  union  with  its  neighboring  carbon  atom.    When 
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intramolecular  atom- rearrangements  occur  the  hydrogen  of  the  hydroxyl 
attaches  itself  to  the  adjacent  carbon  atom,  and  oxygen  of  hydroxyl 
unites  doubly  with  carbon  (Erlenmeyer's  rule,  B.  13,  309;  25,  1781). 

CHO 


CH, 


Aldehyde. 
CH, 

-m!=o 


,^..,       .  (!h, 

^-Allyi  Alcohol.  Acetone. 

However,  the  ethers  obtained  from  vinyl  alcohol  (see  this)  are 
stable :  CHr=CH0.C,H5  and  CH,=:C(0.C,H6)— CH,  are  known. 

It  may  also  be  imagined  that  a  transposition  such  as  that  described 
above  can  occur  by  two,  unstable  and  similar  molecules  rearranging 
with  each  other,  so  that  two  similar  stable  molecules  result : 

CH,=CH.OH  CH,.CHO 

HO.CH=CH,  OCH.CH, 

An  elevation  of  temperature  is  necessary  to  induce  many  of  these 
reactions.  Both  compounds  are  capable  of  existence.  Unsaturated 
acids  pass  into  lactones.  The  intramolecular  atom-rearrangement 
proceeds  in  a  direction  favoring  the  formation  of  a  stable  ring : 

(CH,),C  '     ^(CH,),C O 

CH— CH,.CO,H  ""  CH,— CH,— CO 

Isocaprolactone. 

^  In  Other  unsaturated  compounds  we  observe  that  the  unsymmetrical 
is  transformed  into  a  symmetrically  formed  body  through  the  rearrange- 
ment of  the  double  linking  of  carbon  : 

KCN 

CH, :  CH.CH,! >■  CH, :  CH.CH,.CN  — ^  CH,.CH :  CH.CN  — >► 

Allyl  Iodide.  NitrileofCrotonic  Acid. 

CH,.CH:CH.CO,H 
Crotonic  Acid. 
CH,  =  C  — CO  CH,.C  — CO 


> 


> 


CH,.CO  CH— CO 

Itaconic  Anhydride.  Citraconic  Anhydride. 

The  esters  of  hydrosulphocyanic  acid,  under  the  influence  of  heat, 
rearrange  themselves  into  the  isomeric  mustard  oils,  sulphur  unites 
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doubly  with  carbon  and  the  alcohol  radical  that  had  previously  been  in 
union  with  sulphur  links  itself  to  nitrogen  : 

CjHj  — S  — C=N >-S  =  C  =  N.C,H4 

Allyl  Sulphocyanidc  AUyl  MusUrd  Oil. 

• 

Isonitriles  or  carbylamines,  when  heated,  pass  into  nitriles;  the 
alcohol  radical  previously  in  union  with  nitrogen,  wanders  over  to 
carbon : 

c,Hj  —  N  =:  c h:,h,  —  C  =  N. 

Phenyl  Carbylamine.  Benzonitrile. 

Other  rearrangements  among  the  atoms  of  compounds  only  transpire 
as  the  result  of  the  action  of  an  energetic  acid  or  a  powerful  base. 
Indifferent  bodies  pass  over  into  basic  and  acid  compounds : 

NH.CgH^  HCl  C,H,.NH, 


NH.CgHj 


or  HtS04  CgH^.  NH, 

Hydrazobcnzene  (indifferent).  Benzidine  (diacid  base). 


COXgHj  KOH  c;Hj 


i 


'^C(OH)CO,H 


Bensil  (indifferent).  Benzilic  Acid. 

Pseudo-forms,  Pseudomerism  (Tautomeiism,  Desmo- 
tropy,  Merotropy). — In  most  of  the  intramolecular  rearrangements 
it  was  the  hydrogen  atoms  that  wandered.  Alcohol  radicals  and  phenyl 
groups  are  prone  to  do  the  same.  It  Was  in  this  way  that  a  gradual 
knowledge  that  many  groups  were  unstable  and  stable  sprang  up.  In  the 
case  of  many  bodies  it  became  to  be  known  that  apparently  they  could 
react  in  accordance  with  two  different  formulas.  In  other  words,  as 
our  constitutional  formulas  were  deduced  from  chemical  deportment, 
it  may  be  said  that  compounds  existed  to  which  two,  and  under  cer- 
tain circumstances  more,  constitutional  formulas  could  be  ascribed. 
Baeyer  (B.  x6,  2188)  explained  this  phenomenon  in  such  a  manner 
that  the  stable  bodies,  under  heat  influence  or  reagents,  passed  into 
unstable  modifications.  **  These  isomerides  are  only  known  in  com- 
pounds; in  the  free  state  they  revert  to  the  original  form.  Their 
instability  is  referable  to  the  mobility  of  the  hydrogen  atoms,  since 
the  replacement  of  the  latter  is  followed  by  stability"  (compare  A.  W. 
Hofmann,  B.  19,  2084).     Mention  may  be  here  made  of: 

^N        or     V"  ^  <''^ 

^^ « '  Known.  Known. 

Cyanic  Acid. 
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<„  -  <" 

Hydrosnlphocyanic       IsoCbio- 
Aad.  cyanic  Acid. 

(^         or      <^« 


^S  — R 


<' 


Known. 


^NR, 
Known. 


Cjanamide. 


CarbodMmide. 


— CH  — CH, 

11        or         I  e,g,, 

— C.OH  —CO 

Hydrozyl  Ketone 

or  Enol  Form. 

Form. 


CHCOjCyi, 


I 


(OH).CH, 


or 


Known  (mustard 
oils.) 


Known. 


CH^COjCjH, 
CO.CH, 


— N  — NH 

— COH**  —CO 

Lactime  Lactam 

Form.  Form. 


i,g. 


Acetoacetic  Ester. 
N  ^^  NH 


^COCOH 


Isatine. 


Baeyer  proposes  to  represent  the  unstable  modifications  by  the  desig- 
nation ^'pseudo.*^  Pseudomerism  is  the  term  that  will  be  adopted  in  this 
work  for  the  phenomenon  in  which  one  and  the  same  carbon  compound 
can  react  in  accordance  with  different  structural  formulas.  The  unstable 
form  of  a  derivative  will,  therefore,  take  the  name  **  pseudoform  "  or 
''  pseudo-modification."     In  some  instances  both  forms  are  known. 

It  u  noteworthy  that  most  ** psendomeric  "  compounds  are  acid  in  nature;  they 
can  form  salts.  When  these  salts  are  treated  with  alkylogens  or  acylhaloids  the  two 
classes  of  isomerides  appear.  H.  Goldschmidt  (B  23,  253)  refers  this  phenomenon 
to  the  appearance  of  free  ions.  Hence  in  passing  judgment  upon  questions  of 
pseudomerism  only  those  reactions  can  be  considered,  m>m  which  electrolytic  disso- 
ciation is  excluded.  Michael  (J.  pr.  Ch.  37, 473)  offers  the  thought  (and  it  is  worthy 
of  every  consideration)  that  in  the  transpositions  of  the  salts  by  organic  haloids  two 
independent  processes,  depending  on  the  conditions  present,  take  place :  there  is  a 
simple  exchange  in  that  the  organic  radical  takes  the  place  of  the  metal,  or  the  radical 
haloid  first  add^  itself  and  sul»equently  the  metallic  haloid  separates.  In  the  latter 
case  che  organic  radical  assumes  a  position  different  from  that  previously  held  by  the 
metallic  atom  (compare  acetoacetic  ester  and  malonic ester).  Nef  has  recently  main- 
tained the  correctness  of  Michael's  view. 

Laar,  on  the  contrary  (following  Butlerow,  A.  189,  77,  van  't  Hoff,  Ansichten 
fiber  die  organische  Chemie  a,  263,  and  Zincke,  B.  17,  3030),  assumes  that  such  com- 
pounds consist  of  a  mixture  of  structural  isomerides,  in  that  an  easily  mobile  hydro- 
gen atom  oscillates  between  two  positions  in  equilibrio,  and  thereby  the  entire  complex 
becomes  mobile.  He  designates  the  phenomenon  as  tautomery.  Discarding  the 
uncertainty  introduced  into  the  clussification  of  the  carbon  compounds  by  the  accept- 
ance of  this  view,  it  has  been  noted  that  carbon  compounds  which  Laar  considers 
mixtures  of  structurally  isomeric  bodies  do  not  differ  in  their  physical  properties  from 
carbon  compounds  which  offer  no  place  in  their  structure  for  this  equivocal  assump- 
tion. By  the  assumptkm  of  tautomerism  with  the  underlying  meaning  assigned  it  by 
Laar,  the  experimental  solution  of  the  problem  as  to  the  conditions  under  which 
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pseudo-forms  are  capable  of  existence  is  without  object,  although  from  the  nature  of  the 
case  the  identification  of  easily  alterable  intermediate  reaction -products  must  continue  to 
be  one  of  the  most  difficult  problems,  yet  success  has  been  met  with  in  quite  a  number 
of  cases.  The  indefatigable  labors  of  Kaoul  Pictet,  made  with  low  temperatures, 
have  brought  to  light  splendid  results.  These  are  at  the  disposition  of  chemistry,  and 
in  the  light  of  these  new  data  the  experiments  relating  to  the  determination  of  the 
conditions  under  which  unstable  modifications  can  exist,  deserve  to  receive  careful, 
renewed  attention. 

The  preceding  section  was  prepared  in  1 893.  Since  then,  numerous  confirmations 
of  these  views  have  been  found.  The  ketones  constitute  the  most  important  class  of 
compounds,  which  are  tautomeric  according  to  I.aar.  In  them,  as  in  acetoacetic 
ester,  the  oscillation  is  between  the  ketone-  and  the  hydroxyl  formula  or  enol 
formula.  That  the  ketone  formula  is  present  in  acetoacetic  ester  (see  this)  may  be 
accepted  as  established. 

The  investigations  of  Qaisen  (A.  291,  25),  of  Guthzeit  (A.  285,  35),  of  W.  Wisli- 
cenus  (A.  291,  147),  and  of  Knorr  (A.  293,  70)  have  demonstrated  that  there  exist 

compounds  of  the  form  —  C(OH)  =  C  —  CO  — ,  which  readily  pass  into  the  form 

—  CO  —  CH  —  CO  — ,  and  conversely  are  easily  produced  from  the  latter :  **  The 
character  of  the  added  residue,  the  temperature  and  the  nature  of  the  solvent,  in  the 
case  of  dissolved  substances,  determine  which  of  the  two  forms  will  be  the  more 

stable.''    Claisen  appears  to  think  that  the  rearrangement  of  the  group  R  —  CO  —  CH 

—  into  R  —  C(OH)  =  6  —  will  occur  more  readily,  according  as  the  radical  R  —  CO 
is  more  negative.  He  designates  the  acid  enol-form  the  a-compound,  and  the  neutral 
keto-form  the  /3-body,  e.  g. , 

a-Acetyldibenzoyl  methane  — CH,.C(OH)  =  C(COC,H.), 
/?.  Acetyldibenzoyl  methane  —  CH,.CO HC(CO.C,H5),. 

To  avoid  misunderstandings  or  confusion  it  would  be  better  to  characterize  the 
a-body  by  a  name,  expressing  its  constitution  ;  thus,  a-methyl-^-dibenzoyl-vinol. 
The  determination  of  the  molecular  refractions  (Briihl,  J.  pr.  Ch.  [2]  50,  119)  and 
of  the  magnetic  rotations  (W.  H.  Perkin,  Sr.)  is  a  most  valuable  aid  in  the  chemical 
investigation  of  such  isomerides. 

While  these  readily  introconvertible  isomerides  possess  an  entirely  distinct  chem- 
ical character  and  belong  to  different  classes  (alcohols  or  ketones),  bodies  exist 
which,  according  to  their  method  of  formation,  appear  in  two  modifications  belonging 
to  the  same  class,  yet  show  themselves  to  be  identical,  e,  g.,  diazoamido-compounds, 

ni  ni 

amidines  and  formazyl  derivatives  of  the  common  types    R-^  and  Rv.  , 

^NHY  ^NY 

in  which  R  is  similar  to  •  N  in  the  diazoamido-compounds,  to  •  CH  in  the  amidines, 
and  to  .  N :  CH.  N :  in  the  formazyl  derivatives,  while  X  and  Y  represent  two  differ- 
ent univalent  hydrocarbon  radicals.  Knorr' s  methyl  p3rrazole  (see  this)  belongs  in 
this  category.  Following  the  example  of  KekuU  (compare  Constitution  of  Benzene) 
this  phenomenon  has  been  explained  by  oscillations  or,  as  Knorr  expressed  it,  by 
floating  Unkings  (A.  279,  188):  the  imide  hydrogen  atom  is  supposed  to  oscillate 
between  two  nitrogen  atoms.  Briihl  proposes  the  name  phasotropy  for  the  phenom- 
enon itself  (B.  27,  2396),  while  v.  Pechmann  designates  \i  virtual  tautomerism  (B. 
28,  2362). 

Akin  to  the  idea  of  pseudomtrism  is  the  idea  of  desmotropy,  derived  from  Seafidc, 
link,  union,  and  rpineiVf  to  change.  (P.  Jacobson,  B.  20,  1732  Anmerk.;  ax,  2628 
Anmerk.;  Hantzsch,  B.  20, 2802 ;  21,  1754 ;  FOrster,  B.  2X,  1857).  Michael  suggests 
the  term  merotropy  (J.  pr.  Ch.  [2]  45,  581  Anm. ;  46,  208). 
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THE  NOMENCLATURE  OP  THE  CARBON  COMPOUNDS. 

The  steadily  increasing  number  of  carbon  deriTatives  has  shown  that  definite 
principles  should  determine  their  designation.  The  absence  of  general  and  inter- 
national rules  where  they  were  possible  has  led  to  g^reat  confusion  in  the  nomenclature. 

Compounds  originating  from  plants  and  animals  received  names  that  indicated  their 
origin,  and  often  at  the  same  time  their  characteristic  chemical  properties:  Urea,  uric 
acid,  tartar,  tartaric  acid,  formic,  oxalic,  malic,  citric,  salicylic  acids,  etc.  With  a 
large  class  of  bodies,  e.  g.^  the  bases,  glucosides,  bitter  principles,  fats,  etc.,  it  was 
customary  to  employ  the  ending  *'ine'' :  coniine,  nicotine,  guanidine,  creatine,  betalne, 
salicine,  amygdaline,  glycerine,  stearine,  etc.,  and  in  the  terminations  al,  ol,  an,  en,  yl, 
yiene,  ylidene,  the  effort  was  made  to  show  the  similarity  of  certain  compounds, 
without,  however,  proceeding  in  a  connected  way. 

The  more  thoroughly  the  constitution  of  bodies  became  known,  the  greater  was 
the  desire  to  express  the  manner  in  which  the  atoms  were  united  by  names.  This 
was  especially  true  in  the  case  of  isomeric  compounds.  The  manner  in  which  this 
was  done,  however,was  left  to  the  choice  of  the  individual,  and  thus  it  happened  that 
often  one  and  the  same  derivative  received  diffierent  names,  these  being  in  substance 
identical. 

Of  the  early  suggestions  on  nomenclature  that  of  Kolbe  (A.  1x3,  307)  on  carbinol 
deserves  special  consideration.  As  is  known,  Kolbe  referred  the  names  of  the 
monohydric,  saturated  alcohols  back  to  the  name  carHnol.  In  order  to  make  this 
principle  more  general,  we  should  proceed  as  follows :  Ascertain  the  carbinol  or 
carbinok  for  each  class  of  compounds — that  is,  find  those  bodies  from  which  the 
homologues  might  be  derived,  just  as  the  monohydric,  saturated  alcohols  might  be 
deduced  from  methyl  alcohol  or  carbinol.  Without  attempting  at  this  time  to  deter- 
mine the  limits  of  the  "carbinol  nomenclature,''  it  will  suffice  to  remark  that  in  the 
case  of  the  paraffin  dicarboxylic  acids  all  the  normal  homologues  are  the  carbinols, 
if  I  may  so  call  them ;  e.  £.,  malonic  acid,  succinic  acid,  normal  glutaric  acid,  adipic 
acid,  etc.  Indeed,  names  such  as  monomelhyl  malonic  acid,  ethylmethyl  malonic 
acid,  symmetric  and  unsymmetric  dimethyl  succinic  acid,  etc.,  are  so  readily  under- 
stood that  they  are  really  preferred,  and  are  favorites  with  many  chemists. 

In  1892  representative  chemists  of  various  countries  convened  in  Geneva  for  the 
purpose  of  discussing  a  nomenclature  which  would  clearly  express  the  constitution  of 
a  carbon  derivative.  The  new  names  adopted  by  the  Geneva  Commission  will,  in 
the  case  of  certain  important  series  of  compounds,  be  observed  in  the  present  text ; 
they  will  be  enclosed  in  brackets — ^.g.,  [ethene]  for  ethylene,  [ethine]  for  acetylene, 
etc.  The  designations  of  the  simpler  bodies — the  names  justified  from  an  historical 
standpoint  and  deduced  from  important  reactions — will  not  be  wholly  eliminated. 
Thus,  the  names  ethyl  hydride,  dimethyl  or  methyl  methane  will  be  used  for  ethane, 
depending  upon  what  relations  are  to  be  especially  emphasized. 

The  new  nomenclature  proceeds  from,  or  begins  with,  the  hydrocarbons.  The 
name  of  the  hydrocarbon  serves  as  the  roof  for  the  names  of  those  substances  which 
contain  their  carbon  atoms  arranged  in  a  similar  manner.  The  different  classes  of 
bodies  are  distinguished  by  the  addition  of  suffixes  to  the  names  of  the  hydrocarbons. 
Alcohols  end  in  <>/,  aldehydes  in  tf/,  ketones  in  0n,znd  the  acids  in  oM^e.  g., 
[ethanol]  =  ethyl  alcohol,  [ethanal]  =  acetaldehyde,  [propanon]  =  acetone,  [pro- 
panal]  =  propionic  aldehyde,  [ethan-acid]  =  acetic  acid.  These  examples  will 
suffice.  The  more  important  suggestions  will  receive  full  consideration  under  the 
▼arions  classes  of  bodies,  which  are  discussed.  The  principles  of  this  nomenclature 
have  already  encountered  difficulties,  especially  in  attempting  to  indicate  in  name  a 
compoond  having  a  mixed  character — e.  g.^  the  body  COH — CH, — CHOH — CO — 
CO.H,  which  would  be  pentanolalon-acid.  The  accumulation  of  suffixes,  each  of 
which  possesses  a  meaning  peculiar  to  itself,  has  '*  conduit  rapidement  &  des  termes 
bizarre^,  d'nne  complication  facheuse  et  d'une  prononciation  difficile  "  f  Am6  Pictet). 

Compare  F.  Tiemann :  Ueber  die  Beschltisse  des  intemationalen  in  Genf  vom  19. 
bis  22.  April  1892  versammelten  Congresses  zur  Regelung  der  chemischen  Nomen- 
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clatur,   B.  a6,    1595.      Ueber  die   Nomenclatur    der  ringfSrmigen  Verbindungen, 
compare  M.  M.  Richter,  B.  ag,  5S6. 


PHYSICAL  PROPERTIES  OF  THE  CARBON  COMPOUNDS. 

It  can,  in  general,  be  foreseen  that  the  physical  as  well  as  the  chemi- 
cal properties  of  carbon  compounds  must  be  conditioned  by  their  com- 
position and  constitution.  Such  a  regular  connection  has  been, 
however,  only  determined  for  a  few  properties ; 

1.  Crystalline  form ; 

2.  Specific  gravity,  density; 

3.  Melting  point ; 

4.  Boiling  point ; 

5.  Solubility; — serve  chiefly  for  the  external  characterization  of  car- 
bon derivatives,  while  (6)  optical  properties — {a)  light  refraction,  {b) 
optical  rotatory  power — and  (7)  electric  conductivity  are  important  in 
studying  constitution. 


z.  CRYSTALLINE  PORIC  OP  CARBON  COICPOUNDS. 

The  crystalline  form  of  a  carbon  derivative  is  one  of  its  most  impor- 
tant marks.  By  it  the  body  may  be  recognized  and  distinguished  from 
other  substances.  The  preparation  of  organic  substances  in  measur- 
able forms,  which  could  be  fully  determined,  has  been  of  the  greatest 
importance  in  organic  chemistry.  The  crystalline  forms  of  isomeric 
bodies  are  always  dijferent.  Many  substances  of  organic  nature  can 
assume  two  or  more  forms — dimorphous ^  polymorphous  ;  but  then  each 
is  characterized  very  definitely  by  specifd  conditions  of  formation  and 
existence. 

When  a  compound  crystallizes  from  the  same  solvent  in  diflferent  forms,  it  is  only 
possible  for  the  one  to  separate  within  definite  ranges  of  temperature.  The  limit 
between  these  zones,  the  temperature  of  transposition  ^  is  theoretically  expressed  by  the 
point  of  intersection  of  the  solubility  curves,  belonging  to  the  two  crystalline  forms. 
It  is  only  the  one  or  the  other  form  that  can  appear  under  normal  conditions  above  or 
below  this  temperature.  From  a  supersaturated  solution,  and  indeed  a  supersaturated 
solution  of  the  two  forms,  it  is  possible  artificially,  by  the  introduction  of  one  or  the 
other  form,  to  obtain  each  of  the  two  kinds  of  crystals,  and,  indeed,  both  together. 
This  is,  however,  only  possible  so  long  as  the  supersaturation  continues.  After  that 
one  of  the  two  forms  will  gradually  dissolve  and  that  one  will  remain  which  is  the 
more  stable  at  the  temperature  of  experiment. 

The  temperature  of  transposition  varies  for  each  solvent,  and  when  impurities  are 
present  in  the  substances  a  greater  or  less  variation  in  the  temperature  will  occur, 
according  to  the  degree  of  impurity.  As  regards  the  stability  of  the  dimorphous 
modifications  of  one  and  the  same  sulistance,  it  may  be  said  that  this  is  naturally 
dependent  upon  the  temperature.  That  form  will  be  the  more  unstable  which  gives 
on  heat  and  changes  spontaneously  into  the  other  more  stable  modification.  The 
cause  of  these  differences  may  be  traced  to  the  fact  that  chemical  molecules  identical 
in  every  respect  orientate  according  to  different  laws,  or  unite  to  molecular  aggregaiti 
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of  different  magnitude.  Such  modifications  are  molecular  isomerides,  the  phenom- 
enon being  termed  molecular  isomerism  (physical  isomerism,  Zincke,  A.  1 8a,  244 ; 
O.  Lehmann,  Z.  f.  Kryst.  x,  43,  97,  453). 

Crystalline  form  bears  some  definite  relation  to  the  constitution  of  the  carbon  deriv- 
atives. At  present  it  is  true  that  we  really  know  very  little  regarding  this  relation. 
That  the  slightest  differences  in  chemical  constitution  find  expression  is  demonstrated 
by  the  optically  active  carbon  derivatives.  Many  optically  active  substances  possess 
a  hemibedral  form,  and  the  two  optically  active  modifications  of  a  carbon  compound, 
although  they  exhibit  the  same  geometrical  constants,  are  distinguished  by  peculiar 
left  and  right  types  (enantiomorphous  forms).  They  are  not  superposable.  The 
difference  between  two  optically  active  modifications,  in  which  the  atoms  are  similarly 
combined,  is  only  due,  according  to  the  hypothesis  of  an  asymmetric  carbon  atom 
(p.  45),  to  the  difference  in  arrangement  of  the  atoms  within  the  molecule.  From  this 
it  follows  that  this  variation  in  arrangement  finds  expression  in  the  crystalline  form. 
(Compare,  further,  B.  ag,  1692.) 

Laurent,  Nickl&s,  de  la  Provostaye,  Pasteur,  Hjortdahl  Tsee  F.  N.  Hdw.  3,  855) 
interested  themselves  in  the  determination  of  the  influence  that  chemical  relations  of 
organic  bodies  exerted  upon  the  geometrical  properties  of  the  crystals  of  the  bodies 
under  consideration.  This  problem,  however,  first  appeared  in  the  foreground  of 
crystallographic  study  after  P.  Groth  introduced  the  idea  of  morphotropy  (Pogg,  A. 
14X,  31).  By  this  term  was  understood  the  phenomenon  of  regular  alteration  of 
crystalline  form  produced  by  the  entrance  of  a  new  atom  or  atomic  group  for  hydro- 
gen. Groth,  Hintze,  Bodewig,  Arzruni,  and  others  called  frequent  attention  to  such 
morphotropic  relations  particularly  with  the  aromatic  bodies  (compare  Physikal. 
Chemie  der  Krystalle  von  Andreas  Arzruni,  1893). 

The  knowledge  of  the  connection  of  crystalline' form  and  chemical  constitution  is 
furthermore  rendered  difficult  by  the  fact  that  as  yet  accurate  determination  of  the 
magnitude  of  the  crystal -molecule  or  crystal-element  cannot  be  made.  The  possi- 
bility of  doing  this  in  the  future  may  perhaps  be  found  in  van  't  HofTs  theory  of 
solid  solutions. 

So  soon  as  the  magnitude  of  the  crystal  molecule  is  known,  we  may  expect  a  better 
insight  into  the  relations  existing  between  crystalline  form  and  chemical  constitution 
than  has  heretofore  been  possible.  As  to  the  rOle  of  water  of  crystallization  in  the 
salts  of  oiganic  acids,  consult  Z.  f.  phys.  Ch.  19,  441. 


a.  SPECIFIC  GRAVITY  OR  DENSITY. 

By  this  term  is  understood  the  relation  of  the  absolute  weights  of 
equal  volumes  of  bodies,  in  which  case  we  take  as  conventional  units 
of  comparison,  water  for  solids  and  liquids,  and  air  or  hydrogen  for 
gaseous  bodies  (see  p.  27).  The  number  representing  the  specific 
gravity  of  a  compound  is  as  great  as  that  representing  its  density.  It 
frequently  occurs,  therefore,  that  the  terms  specific  gravity  and  density 
are  used  for  each  other. 

Density  of  Gaseous  Bodies, — For  these,  as  we  have  already  seen,  the 
ratio  of  the  specific  gravity  (gas  density)  to  the  chemical  composition  is 
very  simple.  Since,  according  to  Avogadro*s  law,  an  equal  number 
of  molecules  are  present  in  equal  volumes,  the  gas  densities  stand  in 
the  same  ratio  as  the  molecular  weights.  Being  referred  to  hydrogen 
as  unit,  the  gas  densities  are  one-half  the  molecular  weights.  There- 
fore, the  specific  volume^  i.  e,,  the  quotient  of  the  molecular  weight  and 
specific  gravity,  is  a  constant  quantity  for  all  gases  (at  like  pressure 
and  temperature). 
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Dtmity  ef  Liquid  and  SoHd  Carbon  Dtrivativei. — In  the  solid  and 
lj()uid  states  the  molecules  are  considerably  nearer  each  other  than 
when  in  the  gaseous  condition.  The  size  of  the  molecules  and  their 
distance  from  each  other  are  unknown  to  us  ;  the  latter  increases,  too, 
with  the  temperature ;  therefore  the  theoretical  groundwork  for  deduc- 
tion of  specific  gravities  is  far  removed  from  us.  However,  some 
regularities  have  been  empirically  established.  These  appear,  upon 
comparing  the  specific  volumes  or  molecular  volumes,  the  quotients  of 
the  molecular  weights  and  specific  gravities. 

The  iditioDa  bel  ween  the  (pedfic  Talnmex  of  carbon  cmponiidi  were  fint  irstenutti- 
ullrxudied  by  H.  Kopp,  in  1S42  (A.  fi4,  zii;  ga,  1 ;  94.157:  96. 'S3,  "c,  to 
150,  l).  He  Cell  jnMi&ied  from  hii  obserfUioos  in  proposing:  "  ThM  the  specific 
ToliUDC  of  ■  liquid  compound  (molecniu'  Tolume)  M  lU  bcHling  poiot  is  equ>l  (o  the 
sum  of  tbe  specific  volumes  of  its  constitneots  (of  the  *loiiiic  Tolomaj,  4nd  (hat  etery 
element  had  ■  definile  ■loouc  volume  in  its  compounds." 

From  this  it  would  follow  IbU  :  (t)  Isomeric  cooipounds  possess  ifiproiimktely 
like  specific  volumes;  (2)  like  di&rences  in  spccifac  volumes  concqiood  to  like 
differences  ia  compoaution. 

The  moat  recent  researches,*  based  upon  an  abunduice  of  material,  and  at  the 
same  time  Eiving  due  coDsideratioa  to  the  structural  relations  of -the  carboa  com- 
pounds, piove  conclusiTely  that  the  supposed  r^ularities,  mentioned  above,  aie 
uafounded.  Tlie  fact  is,  isomeric  compound*  in  no  manner  have  equal  molecular 
Tolumes,  and  tbeir  atomic  volumes  are  not  constanL  The  votume  Ibr  tbe  difference 
CH,  is  not  constant  in  the  diFfercnl  homologous  series.  The  hjdmgen  volume  varies 
(see  A.  333,  3lSi  B.  ao,  767],  as  also  that  of  ox^en  (A.  aaS.  3";  B.  19, 
1594).      For  the  molecular  solution -volume,  see  Tranbe,  A.  Igo,  43;   B.  aS,  1711. 

Hence  the  molecular  volumes  In  nowise  represent  the  sums  of  the  atomic  volumes 
(the  latter  are  scarcely  determinable),  and  the  specific giarities  and  molecular  volumes 
depend  less  upon  the  volume  (A  the  atoms  than  upon  their  manner  of  linkage  and 
upon  the  structure  of  the  molecules.  Therefore  to  deduce  regularities  in  the  specific 
volumes  it  is  tint  necessary  to  carefully  consider  the  chemical  ttructnre  of  the  com- 
pounds. In  this  connection  the  inBuence  of  the  double  union  of  the  C-  atoms  in 
the  unuluiated  compounds  and  the  ring-form  linking  in  the  lieniene  derivatives,  is 
significaat.  Assuming  that  the  nkotecutar  volume  of  hydrogen  ia  known, — that  it 
equals  5.6,^1  will  be  possible  to  calculate  the  molecular  volume  of  an  unsaturated 
olefine  compound  if  the  nkolecular  volume  of  the  correspooding  saturated  paraffin 
body  is  known.  Thus,  pentane  =;  '>7-17  I  therefore  amylene  =  II7.17  —  aX 
5,6:=  Io5'97-  In  fact,  the  molecular  volume  of  amylene  equals  109.9$-  Co"" 
sequentty  109.95  ^  '°5'97  =  3  9S— tbe  increase  in  molecular  volumes  caused  by 
the  double  linkage  in  amylene  (A.  aio,  19S;  Mi,  104;  B.  19,  1591;  *«.  779). 
The  divalent  union  is  therefore  less  intimate  (pp.  38,  $1)  and  the  nasalmaled  com- 
[H>uiid^  coTi^<'  ;uently  show  a  greater  heat  of  combustion  (A.  sao,  311I. 

In  the  Ciirirersion  of  beniene  hydrocarbons  intn  their  hf  lahydrides  there  is  an 
incrr^i-^^  in  vi  .;ume  which  is  three  times  as  great  as  in  the  coover^on  of  the  ote&uei 
into  llieii  i.'riespouding  paraffins.  This  would  emphasiie  (he  theory  that  in  ' 
tv:nicnc  nutli  us  there  are  three  doubly  combined  carbon  atoms.     The  specific  gi 


others:  A.  114,  Si,  138;  tti,  61 ;   134,  $6;    3*5,  109; 
:.  Ikhifl,  A.  aio,  71,  378;    Hotstmann,  B.   19,  15791   *a 
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that  in  the  ring-linking  of  the  C-  atoms  in  the  benzene  nucleus  there  is  an  appreciable 
contraction  in  Tolume  (A.  235, 114  and  B.  ao,  773).  For  further  iuTestigations  rela- 
ting to  the  benjwne  derivatires  see  Horstmann,  B.  ax,  22 11,  and  Neubeck,  Z.  phys. 
Cbem.,  X,  649* 

Schroeder  determined  the  specific  volumes  of  a  number  of  solids  (B.  xo,  S48, 
1871;    X2,  567,  1613;    14,  21,  1607,  etc.). 

In  determining  the  specific  gravi^  of  liquid  com- 
pounds, a  small  bottle — a  pyknometer  (Landolt,  p.  62, 
Anmerk.  2) — is  used.  Its  contracted  portion  is  provided 
with  a  mark.  More  complicated  apparatus  is  employed 
where  greater  accuracy  is  sought  (A.  203,  4)  f Fig.  6). 
Descriptions  of  modified  pyknometers  will  be  found  m 
the  Handw5rterbucfa  v.  Ladenburg,  3,  238.  A  con- 
venient form  by  Ostwald  is  described  in  J.  pr.  Ch.  x6, 
396.  To  get  comparable  numbers,  it  b  recommended 
to  make  all  determinations  at  a  temperature  of  20°  C, 
and  refer  these  to  water  at  4**,  and  a  vacuum.  Letting  m 
represent  the  weight  of  substance,  v  that  of  an  equal 
volume  of  water  at  20^,  then  the  specific  gravity  at  20*^ 
referred  to  water  at  4®,  and  a  vacuum  (with  an  accuracy 
of  four  decimals),  may  be  ascertained  by  the  following 
equation  (A.  203,  8) : 


20  _w.  099707 
a  — -j-  0.0012. 


Y 


To  find  the  specific  volumes  at  the  boiling  temperature, 
the  specific  gravity  at  any  temperature,  the  coemcient  of  Fig.  6. 

expansion   and  the  boiling  point  must  be  ascertained  ; 

with  these  data  the  specific  gravity  at  the  boiling  point  is  calculated,  and  by  dividing 
the  molecular  weight  by  this,  there  results  the  specific  or  molecular  volume.  Kopp's 
dilatometer  (A.  94,  257,  compare  Thorpe,  J.  Ch.  S.,  37,  141,  and  Weeer,  A.  221, 
64)  is  employed  in  obtaining  the  expansion  of  liquids.  For  a  method  of  getting  the 
direct  specific  gravity  at  the  boiling  point,  consult  Ramsay,  B.  X2,  1024  ;  Schin,  A. 
aao,  78,  and  B.  X4,  2761 ;  also  Schall,  B.  17,  2201,  and  Neubeck,  Z.  phys.  Ch., 
1, 652. 

3.  ICBLTINO  POINT. 

Every  pure  carbon  compound,  if  at  all  fusible  or  volatile,  exhibits  a 
definite  melting  temperature.  It  is  customary  to  determine  this  for 
the  characterization  of  the  substance,  and  to  be  assured  of  its  purity. 
The  melting  point  of  a  pure  compound  is  not  changed  by  recrystalli- 
zation. 

The  slightest  impurities  frequently  lower  the  melting  point  very 
considerably,  whereas  when  foreign  substances  are  present  in  larger 
amounts  the  melting  point  varies  and  is  not  well  defined — /.  ^.,  there 
is  not  a  definite  melting  point.  Pressure  influences  the  fusion  point 
in  a  very  slight  degree. 

Determination  of  the  Melting  Point. — Such  a  determination  is  most  accurately 
made  by  immersing  the  thermometer  in  a  molten  substance.  However,  this 
procedure  would  require  large  quantities  of  material  (Landolt,  B.  22,  R.  638). 

Ordinarily,  a  small  quantity  of  the  finely  pulverized  material  is  introduced  into  a 
capillary  tnbe,  closed  at  one  end,  and  this  is  attached  to  a  thermometer  by  a  thin 
pbtimmi  wtxe,  or  by  adhesion  through  a  drop  of  sulphuric  acid ;  the  thermometer  and 
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i  ^^\u  (^l«  *r«  tk«n  imiaed  somewluU.  A  beaker  glan  cootaining  sulphuric 
>  U  ^\\iy\  )wkuUhu  11  ttied  to  fnmUh  the  heat.  A  glass  sturer  is  mored  up  and  down 
Vit  s  ^\uluo  the  temperature.  A  long-necked  &sk,  containing  sulphuric  add,  is 
■v«uu  itiuc»  employed.  In  either  case  a  test-tube  is  inserted  or  fused  into  the  neck, 
lu  the  latter  case  it  is  necessaiy  that  the  flask  should  have  a  side-tubulnre,  as  shown 
tu  I- IB.  7  (B-  «o.  «8oo;  19,  I971,  Am.  5,  337). 

When  the  mercury  thread  of  the  thermometer  extends  far  beyond  the  bath 
it  is  necessary,  in  accurate  determinations,  to  introduce  a  correction.  This  is 
done  by  adding  the  value  n(T— t)  0.000154  to  the  observed  point  of  fusion ;  n  is  the 
length  of  the  mercury  column  projecting  beyond  the  bath  expressed  in  degrees  of 
the  thermometer,  T  is  the  observed  temperature,  and  t  the  temperature  registered 
in  the  middle  of  the  projecting  portion  of  the  mercury  column.  0.000154  is 
the  apparent  coefficient  of  expansion  of  mercury  in  glass  (B.  aa,  3072:   literatur 

nnd  Tabellen).  After  the  melting  point  has  been 
approximately  determined  with  an  ordinary  ther- 
mometer a  more  accurate  determination  may  be 
made  by  introducing  a  shorter  thermometer, 
divided  into  fifths,  with  a  scale  carrying  a 
limited  number  of   degrees   (about  50^).      See 

Fig.  7. 

The  melting  points  of  the  same  compound, 
made  by  different  observers,  often  accord  more 
poorly  than  desirable  for  identification  purposes. 
This  is  not  so  much  doe  to  the  thermometers  as  to 
the  manner  in  which  the  determination  is  made. 
By  rapid  heating  the  mercury  of  the  thermometer 
will  not  have  time  to  assume  the  fusion  tem- 
perature. In  the  region  of  the  melting  point  the 
beat  must  be  moderated  so  that  during  the  course 
of  the  fusion  the  thermometer  rises  very  slowly. 
Far  more  concordant  numbers  might  be  obtained 
if  a  general  use  of  short-scale  thermometers  were 
adopted  and  the  tt'mu  agreed  upon  for  the  mercury 
of  the  thermometer  to  rise  through  one  degree  of 
the  scale  durii^r  the  obserratioo  of  the  fusion- 
process.  For  the  determination  of  low  melting 
points  by  means  of  the  air  thermometer,  see  B. 
16,  105  2«  For  the  determination  of  the  melting 
points  of  organic  bodies  fasing  at  elevated  tem- 
peratures, see  B.  ag,  1629;  at  red-heat,  B.  ay, 
3129;    of  colored  compounds,  B.  8,  687;    ao, 

^f^i^nlari/irs  im   mf//t\c  /^i>^i  have  not  been 
especially    noticed    as    yet.       In    the    case    of 
nucleus   isomerides    it    has   been   observed   that 
the  roemlier  wiih   the  most   branches  generally 
shows  the  highest  melting  point  (see  butyl  alco- 
hols).    Of  the  alkvl  esters  of  the  carboxylic  acids 
those  with  the  methyl  residue  have  the  highest 
melting  points  /see  oxalic  esters).      In  homologous  series  with  like  linkages  the 
melting  pmnt  alternately  rises  and  falls  (see  saturated  normal  aliphatic  mono-  and 
dicarfaoxylic  acids,  B.  ag,  R.  411 V     The  members,  having  an  uneven  number  of 
have  the  lower  melting  points  (Baeyer,  B.  10,  1286).     This  is  also 
\ides  having  from  6-14  carbon  atoms  (B.  ay,  R.  $51).      The  para- 
the  isomeric  benxene  diderivatives  usually  melt  at  the  highest  points, 
le  benxene  nitro-com|M>uniis  and  their  derivatives, — theaaoxy-,azo-, 
mido-bodies, — as  well  as  the  corre$}winding  dipbenyl-compounds,  it 
£d  that  as  oxygen  is  withdrawn  the  melting  point  rises  until  the  axo- 
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deriTatiTes  are  reached,  when  it  again  descends  until  it  meets  the  amido-bodies  (G. 
Scfaultz,  A.  ao7,  362).  For  other  regularities  among  the  aromatic  compounds  con- 
sult B.  19,  R.  25;  37,  R.  558.  For  the  melting  poinU  of  mixtures,  see  B.  29,  R.  75. 


4.  BOILINQ  POINT  (DISTILLATION). 

The  boiling  points  of  carbon  derivatives,  volatile  without  decom- 
position, are  just  as  important  for  their  characterization  as  the  melting 
points.  In  case  of  the  latter  the  influence  of  pressure  is  so  slight  that 
it  is  neglected,  but  the  former  vary  very  markedly  by  comparatively 
inappreciable  changes  in  pressure.  Hence  in  stating  an  accurate  boil- 
ing point- it  is  necessary  to  add  the  pressure  at  which  it  was  observed. 
When  the  quantity  of  material  is  ample  the  boiling  point  is  determined 
by  distillation.  For  the  determination  of  the  boiling  points  of  very 
small  amounts  of  liquids  see  B.  24,  2251,  944 ;  19,  795  ;  14,  SS. 

Dtstillaiion  under  Ordinary  Pressure, — A  boiling  flask  is  used  for  this  purpose. 
On  the  side  of  the  neck  is  an  exit  tube.  The  neck  of  the  flask  is  closed  with  a  stop- 
per, bearing  a  thermometer.  It  must  not  be  foi^otten  that  very  frequently  the  vapors 
of  organic  substances  attack  ordinary  corks  or  those  of  rubber,  therefore  the  exit  tube 
should  be  placed  a  considerable  distance  from  the  end  of  the  neck.  The  mercury 
balb  of  the  thermometer  is  below  the  exit  tube  in  the  neck  of  the  flask.  The  latter 
should  be  filled  at  least  one-half  with  the  liquid  to  be  distilled. 

If  a  thermometer  is  not  wholly  immersed  in  vapor,  the  external  mercury  column 
will  not  be  heated  the  same  as  that  on  the  interior,  hence  the  recorded  temperature 
will  be  less  than  the  real.  The  necessary  correction  is  the  same  as  has  already  been 
given  for  the  melting  point.  By  using  a  shorter  thermometer  with  scale  not  exceeding 
50^,  which  can  be  wholly  played  upon  by  the  vapor,  the  correction  becomes  unneces- 
sary. 

If  the  barometric  column  did  not  indicate  a  normal  pressure  of  760  mm.  (B.  20, 
709)  during  the  distillation,  a  second  correction  is  necessitated.  To  avoid  this  correc- 
tion  it  is  advisable  to  reduce  the  pressure  in  the  apparatus  to  the  normal.  The  pressure 
regulators  of  Bunte  (A.  x68,  139)  and  Lothar  Meyer  (A.  165,  303)  are  adapted  to 
this  purpose. 

Distillation  under  Reduced  Pressure,* — Attention  has  already  been  directed  to 
the  great  variation  in  boiling  points  for  variation  in  temperature.  Many  carbon 
derivatives  whose  decomposition  temperature,  at  the  ordinary  pres.sure,  is  lower  than 
their  boiling  points,  can  be  boiled  under  reduced  pressure  at  temperatures  below  the 
point  at  which  they  decompose.  Distillation  under  reduced  pressure  is  often  the 
only  means  of  purifying  liquids  which,  at  the  ordinary  pressure,  boil  with  decomposi- 
tion, and  which  cannot  be  crystallized.  This  method  is  of  prime  importance  in 
scientific  research  in  the  laboratory.  It  is  rapidly  being  introduced  in  technical  opera- 
tions "with  much  success. 

The  introduction  of  boiling  flasks  with  attached  receivers  (Fig.  8)  has  made  the 
distillation,  under  diminished  pressure,  of  bodies  that  readily  congeal  very  convenient. 


*  Compare  Anschiltz  and  Reitter:  *<  Die  Destination  unter  vermindertem  Druck 
im  Laboratorium,"  2.  Aufl.,  1895,  Bonn.  The  tables  in  this  book  record  the  boiling 
points  of  over  400  inorganic  and  organic  substances  under  reduced  pressure.  George 
W.  Kahlbanm:  **  Siedetemperatur  und  Druck,"  Leipzig,  1885.  "Dampfspann- 
krafumessnn^en/'  Basel,  1893.  Meyer  Wildermann  :  *' Die  Siedetemperaturen  der 
KSrper  sind  eine  Funktion  ihrer  chemischen  Natur."  B.  23,  1254,  1468.  W.  Nemst 
and  A.  Hesse :  **  Siede-  und  Schmelzpunkte,''  Braunschweig,  1893. 
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The  thennometer  is  introduced  into  a  thin-walled  tube  drawn  out  into  a  capillary. 
The  tnbe  is  closed  with  rubber  tubing  and  a  clip.  A  slow  current  of  gas  is  drawn 
through  the  liquid  during  distillation,  and  in  this  way  bumping  is  avoided.  The  dis- 
tillation flask  is  best  heated  in  a  bath.  To  distil  at  pressures  lying  near  the  absolute 
vacuum,  it  will  be  found  advantageous  to  use  a  Sprengel  vacuum  pump,  which  is  set 
into  motion  according  to  Babo's  method  by  the  introduction  of  a  water  suction  pump; 
compare  Kahlbaum,  B.  ay,  1386;  F.  Krafft  and  H.Weilandt,  B.  29,  1316;  Precht, 

B.  ag,  II43- 

It  will  be  found  that  the  apparatus  described  in  the  following  references  will  answer 
for  any  desired  pressure:  Staedel,  A.  195,  218;  B.  13,  839.  Schumann,  B.  18, 
3085.  For  mercury  thermometers  registering  temperatures  from  550^-700^  see  B. 
a6,  1815 ;  ay.  470- 

Fractional  DistUiaiion, — Liquids  having  different  boiling  points  are  separated. 
when  existing  as  mixtures,  by  fractional  distillation — an  operation  that  is  performed 
in  almost  every  distillation.     Portions  boiling  between  definite  temperature  intervals 

(from  I- 10**,  etc.)  are  caught  apart  and  subjected  to  repeated  distil- 
lation, the  portions  boiling  alike  being  united.  To  attain  a  more 
rapid  separation  of  the  rising  vapors,  these  should  be  passed  through 
a  vertical  tube.  In  this  the  vapors  of  the  higher  boiling  compound 
will  be  condensed  and  flow  back,  as  in  the  apparatus  employed  in 
the  rectification  of  spirit  or  benzene.  To  this  end  there  is  placed  on 
the  boiling  flask  a  so-called  fractional  tube  of  Wflrtz.  Excellent 
modifications  of  this  have  been  described  by  Linnemann,  Le  Bel, 
Heropel  and  others.  For  the  action  of  these  boiling  tubes  see  A. 
aa4,  259;  B.  18,  R.  loi,  and  A.  247,  3;  B.  a8,  R.  352,  938; 
29,  R.  187. 

RelaHon  of  Boiling  Point  to  Constitution.* — (i)  Generally  the 

boiling  point 
rises  with  the 
complication 
of  the  mole- 
cule. The 
unsaturated 
compounds 
boil  at  a 
higher  tem- 
perature than 
C-w  >^  — — ^  those  that  are 

I    ^  saturated.  (2) 

I  1  With  isomerides  having  an  equally  large  carbon  nucleus  those  oif 
1  y  normal  structure  possess  the  highest  lx)iling  ]x>ints.  These  fall 
I  /  with  the  accumulation  of  methyl  groups.  It  may  also  be  noted  that 
X^  the  lower  boiling  isomerides  possess  a  greater  specific  volume  ( B.  15, 

Mm  H,  251).    (3)  The  unsaturated  compounds  boil  somewhat  higher  than 

the  limit  compounds. 
illf  ^voiinection  existing  between  the  boiling  points  and  chemical  constitution  of 
^  ^^Htmnds  will  be  discussed  later  in  the  several  homologous  groups. 

5.  SOLUBILITY. 

*^^  liydrocarbons  and  their  halogen  substitution  products  are  in- 
or  very  slightly  soluble,  in  water.  They,  however,  dissolve 
lilily  in  alcohol  and  in  ether,  in  which  most  other  carbon 
011  arc  also  soluble. 

hl#  W.  Markwald :    Ucber  die  Beziehung  zwischen  den  Siedepunkten  und 
j^»l)»etcung  chemischer  Verbindungen ,  welche  bisher  erkannt  sind.    Berlin. 
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Ether,  but  slightly  miscible  with  water,  is  employed  to  extract  many  substances 
from  these  aqueous  solutions,  separatory  funnels  b«ing  used  for  this  purpose. 

The  more  oxygen  a  compound  contains,  the  more  readily  soluble  is  it  in  water ; 
especially  is  this  trae  when  several  of  the  oxygen  atoms  are  combined  with  hydrogen, 
i.  /.,  when  hydroxyl  groups  are  present  in  the  organic  compound. 

The  first  members  of  homologous  series  of  alcohols,  aldehydes,  ketones,  and  acids 
are  soluble  in  water.  As  the  carbon  content  increases,  the  hydrocarbon  character,  in 
relation  to  solubility,  becomes  more  and  more  evident.  The  deriyatives  become 
more  and  more  insoluble  in  water. 

In  addition  to  water,  alcohol,  and  ether,  other  solvents  employed  with  carbon  deriv- 
atives are  carbon  disulphide,  chloroform,  carbon  tetrachloride,  methylal,  acetone,  gla- 
cial acetic  acid,  acetic  ester,  benzene,  toluene,  xylene,  aniline,  nitrobenzene,  etc. 
^Petroleum  ether,  derived  from  American  petroleum,  is  especially  valuable.  It  is 
composed  of  lower  paraffins.  It  is  often  used  to  separate  compounds  from  solvents 
with  which  it  is  miscible,  because  very  many  organic  substances  are  insoluble  or 
dissolve  with  difiiculty  in  it. 

The  solubility  of  a  carbon  compound  is  dependent  upon  the  temperature.  It  is 
constant  for  a  definite  temperature.  This  means  is  frequently  employed  for  pur- 
poses of  identification. 

For  the  regularities  of  the  solubilities  of  isomeric  carbon  derivatives,  consult 
Camelley,  Phil.  Mag.  [6]  13,  zSo;   Camelley  and  Thomson,  J.  ch.  S.  53,  801. 

For  apparatus  in  which  to  determine  solubility,  see  V.  Meyer,  B.  8,  998,  and 
K6hler,  Z.  anal.  Ch.  18,  239. 

6.  OPTICAL  PROPERTIES. 

Color. — Most  organic  compounds  are  colorless,  many  are  colored  ; 
thuSy  iodoform  is  yellow  in  color,  while  carbon  tetraiodide  is  dark  red. 
The  presence  of  certain  atomic  groups  is  connected  with  definite 
colors ;  especially  is  this  true  of  the  aromatic  derivatives.  The  nitro- 
bodies,  for  example,  are  more  or  less  yellow  in  color,  while  the  azo- 
derivatives  vary  from  orange  to  red,  etc.,  etc.  (B.  27,  R.  20). 

JDye-stuffs, — Many  colored  compounds,  belonging  almost  exclusively 
to  the  aromatic  series,  can  dye  vegetable  or  animal  fibers,  either 
directly  or  through  the  agency  of  mordants.  This  property  is  of  the 
greatest  importance  from  a  technical  standpoint. 

According  to  O.  N.  Witt  an  aromatic  compound  is  a  dye  when  it  contains  a 
chromophorons  group,  r.  g. ,  NO,,  N,,  etc.,  and  when,  in  addition,  an  acid  or  base  group, 
e.  g.^  one  or  several  OH,  SO,H,  CO,H  and  one  or  several  NH,  groups,  enters  the 
chromogen,  i.  e.,  a  substance  having  a  chromophorons  group  (B.  9,  522). 

a.  Refraction. — The  carbon  compounds  (like  all  transparent  sub- 
stances) possess  a  variable  light  refracting  power. 

The  coefficuHt  of  refraction,  the  refractive  index  or  refractive  quotient  (n)  for  homo- 
geneous light  passing  from  medium  i  into  medium  2,  represents  the  ratio  of  the  pro- 

V. 

pagating  velocities  V|  and  v,  in  both  media ;  n  = For  single  refracting  media, 

in  which  similar  optical  deportment  is  observed  in  all  directions  (therefore  not  for 
the  most  crystals)  n  is  independent  of  the  direction  of  the  incident  light,  so  that  if 

i  and  r  are  incident  and  refractive  ansles  n  =  —  =  -7 ,  a  constant  number  for 

*  V,        sm  r   ' 

lig^t  of  a  definite  wave«Iength. 
6 
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Specific  Refractive  Power  or  Refraction  C&mtant  (R). — The  refraction  index  fn) 
Taries  with  the  temperatore,  consequently  also  with  the  specific  grarity  of  the  liqmd. 

«^  .      .    .  ,      .      .  n* —  « 

Their  relation  to  each  other  is  expressed  by  the  equation :  R  =  const.  = . -- ,     .  .- 

1  or  less  accurate  s=  — ^ — *  1  in  which  d|  is  the  sp.  gr.  of  the  liquid  for  the  tempera- 
ture t.  It  is  an  almost  constant  quantity  for  all  temperatures,  and  is  called  the  specific 
refractive pcwer  (B.  15,  1031 ;  19,  2761). 

Molecular  Refractive  Power  or  Molecular  Refraction  MR  is  the  specific  refractive 

power  multiplied  by  the  molecular  weight  of  a  substance;  M.R  =  \  .   . — v-;  ' 

(n"  +  2)  dt 

TTie  molecular  refracti<m  of  a  liquid  carbon  compound  is  equal  to  the 
sum  of  the  atomic  refractions  (mr,  mV,  m'Y')  : 

MR  =  amr  +  bmV  +  cm'V, 

in  which  a,  b,  c,  represent  the  number  of  elementary  atoms  in  the 
compound.  The  atomic  refractions  of  the  elements  are  deduced  from 
the  molecular  refractions  of  the  compounds  obtained  empirically,  in 
the  same  manner  as  the  atomic  volumes  are  obtained  from  the  molecular 
volumes.  While  it  was  formerly  assumed  that  but  one  atomic  refrac- 
tion existed  for  each  element  in  its  compounds,  later  researches  have 
proved  that  only  the  univalent  elements  have  a  constant  atomic  refrac- 
tion, while  that  of  the  polyvalent  elements,  e,  g,,  oxygen,  sulphur, 
carbon,  is  influenced  by  their  manner  of  union. 

The  refraction  is  determined  either  for  the  yellow  sodium  line  (D  of  the  sun 
spectrum)  or  for  the  red  hydrogen  line  Ha  (C  of  the  sun  spectrum).  '*  Singly 
linked  "  carbon  has  the  atomic  refraction  (va)  equal  to  2.48  (A.  235,  35;  B.  21, 
R.  224). 

The  double  union  (C,  =)  is  1.78  (for  ra),  that  of  the  triple  union  (C,  =)  2.18, 
i.e.,  if  two  carbon   atoms    are  **  doubly  linked,"  their   atomic   refraction   equals 

2  X  2-4^  +  I>7S  =  6.74,  while  in  triple  union  it  is  4.96  -f  2.18  ^  7.I4. 

It  is,  therefore,  obvious  that  important  data  relating  to  the  manner 
of  union  of  the  atoms  in  the  molecule  of  a  carbon  compound  can  be 
obtained  from  the  molecular  refractions  (Landolt  and  Briihl).  Thus 
the  greater  molecular  refraction  (by  3  X  1.78  =  5.34  units)  of  the 
benzene  bodies,  confirms  the  view  previously  deduced  from  chemical 
facts,  that  there  are  present  in  the  benzene  nucleus  three  ''double- 
linked"  carbon  atoms  (B.  20,  2288;  24,  666).  However,  the 
regularities  noted  above  only  hold  good  for  bodies  with  slight  disper- 
sive power  (the  fatty  bodies).  In  the  case  of  substances  possessing  a 
greater  dispersive  power  than  cinnamyl  alcohol,  the  molecular  refrac- 
tion is  valueless  for  the  determination  of  chemical  structure  (B.  zq, 
2746;  24,  1823). 


*See   Landolt,  Pogg.    A.  123,  595  ;  B.   15, 1031  ;   Briihl,  B.  19,  2746  and  2821  ; 
^'  335i  I*  A°^  23^*   233 »    ^*   ^^»  2288,  and  Z.  phys.  Ch.   i,  307;    Weegmann, 
hys.  Ch.  a,  218  and  257;  Ketteler,  idid.,  2,905  ;  Eykmann,B.  29,  R.  584. 
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The  reJUctomettr  of  Pulfricli  pennits  of  a  very  rapid  determination  of  the  refractive 
power.     It  is  more  accurate  and  convenient  in  manipulation  than  a  spectrometer.* 

b.  Optical  Rotatory  Power,  f  Deviation  of  the  Plane  of 
Polarization  by  Liquid  or  Dissolved  Carbon  Compounds. — 

Biot,  in  1815,  observed  that  many  naturally  occurring  bodies  were 
capable  of  rotating  the  plane  of  polarized  light.  These  are  the  sugars, 
the  terpenes,  and  camphors.  He  also  showed,  in  1817,  how  the  vapors 
of  turpentine  deviate  the  plane  of  polarization,  and  concluded  that  this 
power  was  a  property  of  chemical  molecules.  Optically  active  carbon 
compounds  are  those  possessing  the  power  of  turning  or  rotating  the 
plane  of  polarized  light. 

Spetific  Rotatory  Power  [a]. — The  rotation  (of  the  angle  a)  is  proportional 
to  the    length  1  of  the  rotatmg    plane   (usually  expressed  in  decimeters),  hence 

the  expression    -p  is   a  constant  quantity.      To  compare  substances  of   different 

density,  in  which  very  unequal  masses  fall  upon  the  same  plane,  these 
must  be  referred  to  like  density,  and  hence  the  rotation  must  be  divided 
by  the  sp.   gr.   of   the  substance  at    a    definite    temperature.      The  expression 

= -r  =  [a]j  or  [a]D,  is  called  the  specific  rotatory  power  and  is  designated  by  [ajo 

or  [alj,  according  as  the  rotation  is  referred  to  the  yellow  sodium  line  D  or  the 
transitional  color  j.     For  solid,  active  substances,  with  an  indifferent '  solvent,  the 

expression  [a]  = = — T^^^^  answer ;    in  this,  p  represents  the  quantity  of  sub- 

Stance  in  100  parts  by  weight  of  the  solution,  and  d  represents  the  specific  gravity  of 
the  latter. 

This  specific  rotatory  power  is  constant  for  every  substance  at  a  definite  tempera- 
ture; it  varies,  however,  with  the  latter,  and  is  also  influenced  more  or  less  by  the 
nature  and  quantity  of  the  solvent.  Therefore,  in  the  statement  of  the  specific 
rotatory  power  of  a  substance,  the  temperature  and  the  percentage  amount  of  the 
solution  must  be  included.  By  investigating  a  number  of  solutions  of  different  con- 
centimtion,  the  influence  of  the  solvent  may  be  established  and  the  true  specific 
rotation  or  the  true  rotatory  constant  of  the  pure  substance,  designated  by  Ad,  may 
then  be  calculated.  The  product  of  the  specific  rotatory  power  and  the  molecular 
weight  P  divided  by  loo  is  designated  the  molecular  rotatory  power : 


[M]  =  ?W. 


ICO 

Consult  6.  ai,  191,  2586,  2599,  upon  the  influence  of  inactive  substances  on  the 
rotatory  power. 

The  apparatus  most  suitable  for  the  determination  of  rotation  is  fully  described  in 
the  work  of  Landolt  already  referred  to  (see  p.  62,  note  2). 

In  1848  Pasteur  demonstrated  that  in  optically  active  substances,  such  as  tartaric 
acid  and  its  salts,  the  rotatory  power  is  mostly  connected  with  the  crystalline  form, 
and  is  usually  conditioned  by  the  existence  of  hemihedral  planes.  In  the  discussion 
of  the  stereochemical  or  spacial  theories  reference  was  made  to  the  fact  that  Pasteur 
considered  the  asymmetric  structure  of  the  molecules  of  optically  active  carbon  com- 
pounds as  the  cause  of  their  remarkable  action  upon  polarized  light. 

*  C.  Pulfrich,  Das  Totalreflectometer,  etc. ,  Leipzig,  1890. 
f  Compare  Landolt,  Das  optische  Drehungsverm()gen,  1879. 
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_  to  thetheoij  of  Le  Bel  and  Tan  *t  Hoff,  Ae  actmtj  of  the  cartxm  com- 
pounds  is  depeadeot  upon  the  presence  of  msymmutru  cufaoD  atoms  (p.  45). 

So  far  as  they  hare  been  investigated,  all  optically  active  carbon  oompoonds  con- 
tain one  or  sevoal  asymmetric  caibon  atoms.  However,  many  compounds  contain- 
ing asymmetric  carbon  atoms,  when  they  exist  as  liqaids,or  when  present  insolation, 
have  no  effect  npon  polarised  lighL  This  is  tme  when  two  molecules  of  opposite  bat 
equal  rotatory  power  unite  to  a  molecule  of  a  physical,  polymeric  compuand,  e.  g., 
inactive  lactic  acid,  inactive  malic  acid,  inactive  asparagine,  inactive  aspartic  aod, 
racemic  add,  etc.;  also,  when  the  half  of  a  molecule  neutralises  the  rotation  pfp- 
dnced  by  the  other  half,  as  in  mesotartaric  add.  It  has  also  been  shown  that  in 
the  conversion  of  optically  active  bodies  into  other  derivatives  the  activity  continues 
so  long  as  the  latter  contain  asymmetric  carbon  atoms.  When  the  asymmetry  dis- 
appears, the  derivatives  become  inactive.  The  two  active  tartaric  adds  yield  two 
active  malic  adds.  Active  asparagine  yields  active  aspartic  add,  active  malic  add, 
etc.,  whereas  the  symmetrical  succinic  add  that  may  be  obtained  by  reduction  is 
inactive. 

The  converuon  of  optical  antipodes  into  each  other  has  been  accomplished  with 
the  malic  acids  in  the  following  manner : 

Phosphorous  pentachloride  changes  1-malic  ester  into  d-chlorsucdnic  ester,  which 
silver  oxide  converts  into  d-malic  acid.  Conversely,  d-malic  ester  and  phosphorous 
pentachloride  yield  1-chlorsuccinic  ester  and  the  latter  is  then  rearranged  to  1-malic 
acid  (Walden,  B.  29,  138). 

Thus  far  an  optioilly  active  carbon  derivative  has  not  been  indirectly  prepared.  The 
asymmetric  bodies  prepared  artificially  from  inactive  substances  are  inactive.  This  is 
explained  by  assuming  that  in  such  cases  both  modifications  occur  in  equal  amounts, 
and  manifest  a  tendency  to  combine  to  the  inactive,  physically  polymeric  molecules. 

Optically  active  carbon  derivatives  can  be  directly  built  up,  because  it  is  possible 
to  decompose  optically  inactive  asymmetric  substances,  whose  molecule  consists  of  a 
dextro-  and  Isevo-molecule,  hito  their  components. 

Breaking  Down  of  Inactive  Carbon  Compounds  into  their  Optically  Act- 
iTe  Components. — Methods  i,  2,  and  4  were  employed  by  Futeur  (1S48)  in  his 
study  of  the  raoemates  and  racemic  add.  Thb  classic  investigation  of  Pasteur  con- 
tains the  experimental  basis  for  the  theory  of  stereochemistry  or  the  space  chemistry  of 
carbon  (p.  45^. 

Method  /,  baud  upon  splitting  by  crystallization.  The  substance  itself,  or  its 
derivatives  with  optically  inactive  compounds,  b  crystallized  at  varying  temperatures 
and  from  various  solvents.  In  the  case  under  consideration  it  is  possible  to  separate 
two  substances  showing  enantiomorphous  bemihedrism.  Thus,  from  a  solution  of 
sodium  ammonium  racemate  below  28®  bemihedral  crystals  of  sodium-ammonium 
dextro-  and  Isevo-tartrates  can  be  obtained  (B.  19,  2148). 

Method  2y  dependent  upon  the  formation  of  compounds  with  optically  active  sub- 
stances. Pasteur  succeeded  in  separating  d-  and  1 -tartaric  acids  through  their  quini- 
cine  and  dnchonine  salts.  This  was  because  these,  being  no  longer  enantiomorphous, 
were  distinguished  by  varying  solubility,  hence  could  be  very  easily  separated  from 
each  other. 

Ladenburg  first  used  the  latter  method  to  resolve  inactive  bases.  He  did  this  by 
forming  salts  of  the  latter  with  an  active  acid.  It  was  thus  that  he  decomposed 
synthetic  inactive  conine  (a-n-propylpiperidine)  by  means  of  dextrotartaric  acid  into 
its  active  components,  and  completed  the  synthesis  of  the  first  optically  active  vegeta- 
ble alkaloid— conine— occurring  In  hemlock. 

^*   Method  J.     Enzymes,  such  as  maltase  or  emulsin,  decompose  racemic  glucosides 

(E.  Fischer,  B.  28, 1429). 

f     Method  4.     On  introducing  some  suitable  fungus  such  as /^iffb7/itfi»^At«rifM  into 

the  aqueous  solution  of  an  inactive  body,  capable  of  decomposition,  the  one  active 

modification  will  be  destroyed  by  the  growth  of  the  fungus:  thus,  racemic  acid 

jSx\A%lavotartaricacid;  inactive  amyl  alcohol  jitlds  dextroamyl  alcohol ;  methyl  propyl 

•arbinol  yields  hevo-methyl-propyl  carbinol ;  propylene  glycol  yields  Isevo-propylene 

iyool,  etc. 
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In  the  case  of  the  same  optically  inactive  substance  one  fungus  will  leave  the  one 
modification  unaltered,  while  another  fungus  will  leave  the  other  modification  :  thus, 
FekUiiiium  glaucum  or  Bacterium  termo  will  convert  synthetic  inactive  mandelic 
add  I  into  dextio*mandeIic  acid,  while  saccharomyces  ellipsoideus  or  schizomycetes 
changes  it  to  laevo-mandelic  acid.  ) 

Consult  B.  a8,  3000  for  the  complete  literature  relating  to  the  decomposition  of 
racenkite  modifications. 

CarbonVompounds,  in  which  an  as3rmmetric  carbon  atom  is  not  present,  could  not 
be  decomposed  by  these  methods  (A.  239,  164 ;  B.  18,  1394). 

Conversion  of  Optirally  Active  Substances  into  their  Optically  Inactive  Modifi- 
cations.— While  soluble  salts  of  optically  inactive,  decomposable  carbon  compounds 
may  be  decomposed  by  crystallization  under  proper  conditions  of  temperature,  many 
others  reunite  to  a  salt  of  the  inactive  body,  especially  if  the  latter  dissolves  with 
difficulty.  Solutions  of  Isevo-  and  dextro-tartrate  of  calcium  when  mixed  yield  a 
precipitate  of  calcium  tartrate,  which  dissolves  with  difficulty.  The  free,  optically 
active  modifications  unite,  as  a  rule,  very  easily,  in  solution  and  when  mixed,  to  form 
the  inactive  decomposable  modification,  /.  g, ,  hevo-  and  dextro-tartaric  acid  yield 
ncemic  acid.  The  esters  of  these  acids  conduct  themselves  in  a  similar  manner : 
laevo-  and  dextro-tartaric  methyl  esters  unite  directly  and  in  solution  to  racemic 
methyl  ester  (B.  18,  1397).  It  is  furthermore  a  fact  that  in  energetic  reactions,  or 
when  heated,  the  active  varieties  rapidly  pass  into  the  inactive  forms,  e,  g. ,  dextro- 
tartaric  at  175^  yields  racemic  acid,  and  at  165°  mesotaitaric  acid.  At  180^  dextro- 
and  laevo-mandelic  acids  pass  into  inactive  mandelic  acid. 

A  corresponding  deportment  is  observed  in  the  decomposition  of  albuminoids,  when 
heated  with  bar3rta,  into  inactive  leucin,  tyrosin,  and  glutamine,  while  at  a  lower  tem- 
perature hydrochloric  acid  produces  the  active  modifications  (6.  z8,  388).  For  an 
experimental  explanation  of  the  transformation  of  optically  active  substances  into 
their  inactive  modifications  compare  A.  Werner  in  R.  Meyer's  Jahrbuch  der  Chemie 

Philippe  A.  Guye  has  recorded  observations  upon  the  influence  of  the  chemical 
constitution  of  carbon  bodies  upon  the  direction  and  change  in  their  rotatory  power. 
He  especially  considers  the  changes  of  mass  in  the  different  atoms  and  atomic  groups 
in  union  with  the  asymmetric  carbon  atoms,  and  the  consequent  oscillations  in  the 
centres  of  gravity  of  the  molecules :  6tude  sur  la  dissjrm^trie  mol^culaire :  Arch.  d. 
scienc.  phys.  etnat.  [3]  26,  97,  Geneve,  1891  ;  compare  Bull.  soc.  ch.  1896,  177. 

c.  Magnetic  Rotatory  Power.— Faraday,  in  1846,  discovered  that  transparent, 
isotropic,  optically  inactive  bodies  were  capable  of  rotating  the  oscillating  plane  of 
polarized  light  when  one  column  of  the  same  was  brought  into  the  magnetic  field  or 
when  it  was  surrounded  by  an  electric  current.  The  power  of  rotation  only  con- 
tinued as  long  as  these  influences  were  active,  hence  this  distinguished  magnetic  rota- 
tory power  from  the  rotatory  power  of  optically  active  carbon  compounds.  It  also 
varies  with  the  location  or  position  of  the  magnetic  pole  or  the  direction  of  the  elec- 
tric current. 

Specific  magnetic  rotatory  power  is  the  degree  of  rotation  the  polarization  plane  of 
a  ray  of  light  sustains  when  it  passes  through  a  layer  of  liquid  of  definite  thickness, 
exposed  to  the  influence  of  a  magnet.  The  unit  of  comparison  is  the  rotation  pro- 
duced by  a  layer  of  water  of  like  temperature  and  like  thickness  when  exposed  to  the 
same  magnetic  field. 

Molecular  Magnetic  Rotatory  Power, — This  is  the  degree  of  rotation  produced  by 
liquids  where  thickness  has  been  so  chosen  that  in  each  similar  section  Uiere  will  be 
one  molecular  weight.  The  unit  in  this  case  can  also  be  the  molecular  rotatory 
power  of  water. 

W.  H.  Perkin,  Sr.,  has  occupied  himself  very  extensively  in  deducing  the  relations 
of  the  magnetic  rotatory  power  to  the  constitution  of  carbon  derivatives.  B.  17,  R. 
549t  contains  an  exhaustive  article  upon  the  magnetic  rotatory  power  of  1 40  carbon 
compounds,  as  well  as  an  account  of  the  experiments. 
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7.  ELECTRIC  CONDUCTIVITY. 

It  is  well  known  that  substances  capable  of  conducting  electricity 
arrange  themselves  into  two  widely-separated  groups :  conductors  of  the 
first  class,  or  those  which  conduct  electricity  without  sustaining  any 
change,  and  conductors  of  the  second  class,  or  those  which  constitute 
the  electrolytes,  and  conduct  only  with  their  simultaneous  separation 
into  two  ions.  Conductivity  can  also  be  considered  as  a  resistance, 
which  the  conductor  opposes  to  the  passage  of  the  electricity.  This 
resistance  has  the  reciprocal  value  of  the  conductivity.  The  customary 
measure  of  conductivity  or  resistance  is  the  mercury  unit.  This  is  a 
column  of  mercury  of  one  sq.  mm.  cross  section,  and  one  meter  in 
length,  at  the  temperature  0°. 

Ostwald's  investigations  have  demonstrated  that  the  conductivity  of 
electrolytes  is  intimately  related  to  chemical  affinity.  It  is  a  direct 
measure  of  the  chemical  affinity  of  acids  and  bases.  Therefore,  the 
determination  of  the  conductivity  of  electrolytes  (in  aqueous  solution), 
to  which  all  organic  acids  and  their  salts  belong,  is  of  great  interest 
and  importance  for  all  carbon  derivatives. 

Kohlrausch  *  has  suggested  a  very  simple  and  accurate  means  of  determining  the 
conductivity  of  electrolytes,  which  has  been  extensively  applied  by  Ostwald-f 

It  is  dependent  upon  the  application  of  alternating  currents,  produced  by  an  induc- 
tion spiral,  so  that  the  disturbing  influence  of  galvanic  polarization  is  obviated. 

The  conductivity  of  electrolytes  is  not  referred  to  the  percentage 
content  of  their  aqueous  solutions,  but  (as  the  conductivity  is  ascer- 
tained by  the  equivalent  ions)  to  solutions  containing  a  molecule,  or 
an  equivalent  of  substance  in  grams.  This  value  is  the  molecular  (or 
equivalent)  conductivity  of  the  substance  (Z.  phys.  Ch.  2,  567). 

The  strong  acids  have  the  greatest  molecular  conductivity,  then  the  fixed  alkalies 
and  alkali  salts.  Most  organic  acids,  on  the  contrary  (^.  g.,  acetic  acid),  are  poor 
conductors  in  a  free  condition,  while  their  alkali  salts  approach  those  of  Uie  strong 
acids  in  conductivity.  The  molecular  conductivity  increases  by  about  2  per  cent,  per 
degree  of  temperature.  It  also  increases  with  increasing  dilution,  and  in  the  case  of 
the  poor  conductors  it  is  far  more  rapid  than  with  the  good  conductors ;  in  both 
instances  it  approximates  a  maximum  (limiting)  value.  With  good  conductors  this  is 
attained  at  a  dilution  of  looo  litres  to  the  gram-molecule ;  while  with  those  poor  in 
conducting  power  it  is  only  reached  when  the  dilution  is  indefinitely  large.  In  fact, 
in  such  cases  the  conductivity  is  practically  indeterminable. 

An  interesting  observation  in  connection  with  the  alkali  salts  of  all  acids  is  the 
variable  increase  of  the  molecular  conductivity  with  increasing  dilution.  This  is 
true  both  in  the  case  of  the  strong  and  the  weidc  acids  (most  organic  acids  belong  to 
the  latter  class),  and  it  varies  according  to  their  basicity.  With  sodium  salts  of 
monobasic  acids,  this  increase  equals  from  10-13  units,  by  dilution  of  32-1024  litres 
for  the  equivalent  of  substance,  for  the  salts  of  dibasic  acids  from  20-25  units,  for  those 
of  the  tribasic  28-31,  for  those  of  the  tetrabasic  about  40,  and  those  of  the  pentabasic 
'  about  50  units. 

♦Wiedemann,  A.  ix,  653. 

t  J.  pr.  Ch.  3a,  300,  and  33,  352 ;  Z.  phys.  Ch.  a,  561. 
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Thus  it  may  be  seen  that  the  increase  in  conductivity  of  acids,  in 
their  sodium  salts,  offers  a  means  of  determining  the  basicity  and,  con- 
sequently, the  molecular  magnitude  of  acids  (Ostwald,  Z.  phys.  Ch.  z, 
74  and  97  ;  2,  901  ;  Walden,  ibid.^  i,  5.30,  and  2,  49)- 

Molecular  conductivity  has  acquired  still  greater  importance  by  its 
application  to  the  measurement  of  the  dissociation  of  the  electrolytes; 
it  is  at  the  same  time  the  measure  of  the  reactivity  or  chemical  affinity, 
first,  of  acids,  then  bases,  and,  finally,  of  salts. 

Arrhenius's  electrolytic  dissociation  theory  maintains  that  in  aqueous 
solution  the  electrolytes  are  more  or  less  separated  into  their  ions ; 
this  would  give  a  simple  explanation  for  the  variations  of  solutions 
from  the  common  laws  (under  osmotic  pressure,  under  the  depression 
at  the  freezing  point,  etc.).  The  dissociation  is  also  manifest  in  the 
molecular  conductivity,  for  the  latter  is  dependent  upon  the  degree  of 
dissociation  and  the  speed  of  migration  of  the  free  ions ;  it  is  directly 
proportional  to  the  quantity  of  the  latter. 


Molecular  conductivity  increases  with  dilution  and  dissociation.  When  the  latter 
is  complete,  it  attains  its  maximum  {^l^  ).  The  degree  of  dissociation  (m)  (or  the 
fraction  of  the  electrolyte  split  up  into  ions)  for  any  dilution  is  found  from  the  ratio 
of  the  molecular  conductivity  at  this  dilution  {ji)  to  the  maximum  conductivity  (for 
an  indefinite  dilution) : 

m  =  — . 

/*» 

The  latter  (^oo )  cannot  be  directly  measured  in  the  case  of  free  organic  acids,  because 
most  of  them  are  poor  conductors.  But  it  can  be  obtained  from  the  molecular  con- 
ductivity of  their  sodium  salts,  by  deducting  from  their  maximum  values  the  speed  of 
migration  of  the  sodium- ions  (41.1),  and  adding  those  of  the  hydrogen-ions  (285.8). 

Since  the  molecular  conductivity  depends  upon  the  dissociation  of  the  electrolytes 
into  their  ions,  their  alteration  by  dilution  of  solution  must  proceed  by  the  same  laws 
as  those  prevailing  in  the  dissociation  of  gases.  This  influence  of  dilution  or 
volume  (v)  upon  the  molecular  conductivity,  or  the  degree  of  dissociation  (m)  is, 
therefore,  expressed  in  the  equation : 

m« 


v(l  — m) 


which  represents  the  law  of  dilution  advanced  by  Ostwald  (Z.  phys.  Ch.  a,  36  and 
270).  This  law  has  been  fully  confirmed  by  the  perfect  agreement  of  the  calculated 
and  observed  values  (van  *t  Hoff,  Z.  phys.  Ch.  a,  777). 

The  value.  K,  is  the  same  at  all  dilutions  for  every  monobasic  acid ;  hence  it  is  a 
characteristic  value  for  each  acid,  and  is  the  measure  of  its  chemical  affinity.  The 
determination  of  these  chemical  affinity-constants  by  Ostwald  for  more  than  240 
acids,  has  proved  that  they  are  closely  related  to  the  structure  and  constitution  of 
organic  acids  (Z.  phys.  Ch.  3,  170,  241,  369).  Literature :  see  Walden,  Z.  phys. 
Cb.  8,  833.  Affinity  values  of  stereo-isomeric  compounds :  Hantzsch  and  Miolatti, 
B.  as,  R.  844. 

Addendum:  Determination  of  affinity-coefficients :  Conrad,  Hecht,  and  Brtlckner, 
Z.  phys.  Ch.  3, 450;  4, 273,  631 ;  5,  289.  Lellmann,  B.  aa,  2101 ;  A.  a6o,  269  ;  a63, 
a86;  370,  204,  ao8;  374,  lai,  141,  156.     Nemst,  R.  Meyer's  Jahrbuch  a,  31. 
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HEAT  OF  COMBUSTION  OF  CARBON  COMPOUNDS.* 

''The  quantity  of  heat  evolved  in  any  chemical  change  is  a  measure 
of  the  total  work,  both  physical  and  chemical,  occurring  in  it."  The 
determination  of  the  quantity  of  heat  developed  in  complete  combus- 
tion is  alone  adapted  for  the  determination  of  the  energy  content  of 
carbon  compounds. 

In  determining  the  heat  of  combustion  of  a  carbon  compound  Berth- 
elot  burned  it  in  an  atmosphere  of  oxygen,  which  was  under  a  pressure 
of  25  atmospheres.  The  operation  was  conducted  in  calorimetric 
bombs  lined  on  the  interior  with  platinum  or  enamel.  The  electric 
spark  was  used  to  bring  about  the  explosion,  or  the  ignited  combustion 
products,  resulting  from  heating  a  thin  iron  wire  by  electricity,  were 
made  to  serve  the  same  purpose. 

The  method  is  so  accurate  that  it  answers  for  the  detection  of  even 
traces  of  impurity  in  an  organic  compound,  the  heat  of  combustion  of 
which  is  known  (J.  pr.  Ch.  N.  F.  48,  452 ;  Z.  f.  angew.  Ch.,  1896, 
p.  486). 

On  the  basis  of  Berthelot's  principle :  "  The  diflerence  of  the  heats  of 
combustion  of  two  chemically  equivalent  systems  is  equal  to  the  heat 
development  which  corresponds  to  the  passage  of  the  one  system  into 
the  other,"  it  is  possible,  knowing  the  heat  of  combustion  of  a  carbon 
compound  to  calculate  its  heat  of  formation.  The  heat  of  combustion 
of  the  compound  is  deducted  from  the  sum  of  the  heats  of  combus- 
tion of  its  elements. 

The  beat  of  combustioo  of  metluuie  equals  2 1.  9  cal. 
**      '*    *<  "         «  diamond-carboois94cal.,  and 

"       •*    "  "         "  hydrogen  equals  69  cal. 

As  the  complete  combostion  of  methane  proceeds  according  to  the  equation 
CH^ -)- 20,  t=  CO, -f  2H,0,  then  the  heat  of  formation  of  this  hydrocaH)oD,  at 
constant  pressure,  would  be  20.  i  cal.: 

94-4-2.69 —  211.9=  20.1. 

The  development  of  methods  for  the  determination  of  the  heats  of  combustion 
has  engaged  the  attention  of  Favre  and  Silbermann,  Thomsen,  Stohmann,  and  par- 
ticularly of  Berthelot.  In  the  last  decade  Stohmann  especially  dettrrm^ned  the  beat 
of  combustion  of  numerous  carbon  deriratiTes,  and  published  a  tabulated  account  of 
the  beau  of  combustion  of  organic  bodies,  made  from  1852-1892,  in  the  Z.  f.  phys. 
Ch.  6,  334;   10,  410. 

The  regularities  thus  far  obsenred  are  as  follows  :  With  the  hydrocarbons  of  the 
paraffin  and  olefine  series  the  constant  difference  of  CH,  in  composition  corresponds 
to  a  constant  increase  of  158  cal.  in  the  heat  of  combustion.  Similar  relations  occur 
in  other  homologous  series. 

The  heat  of  combustion  of  the  two  isomeric  propyl  alcohols  is  almost  the  same, 
consequently  in  the  case  of  similar  linking  relations  place-isomerism  is  without  infln- 


vtical  introduction  to  thermochemical  measurements  by  Berthelot,  Grundriss 
Thermochemie,  Plank,  1893.     Die  Grunds&tze  der  Thermochemie,  Hans 
Aufl.  1892.     Grundriss  der  allg.  Chemie,  von  Ostwald,  1889.     Mecanique 
i,  Berthelot,  Paris,  1879. 
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ence  upon  &e  heat  of  fonuatioti  and  the  heat  of  combustion.  The  difTereace  of  6 
cal.  in  the  heats  of  combustioa  of  fumaric  acid  (320.1  cal.)  and  Aialefc  add  (326.3 
cal.)  is  more  striking  if  we  grant  similar  linking  relations  in  the  two  acids,  as  is  done 
by  the  adherents  of  the  stereochemically  different  structural  formulas  of  maleic  and 
funuuic  acids  (see  these). 

The  passage  from  a  double  linkage  to  two  single  linkages,  as  well  as  a  triple 
union  to  three  simple  unions  is  accompanied  by  considerable  loss  in  energy.  The  rela- 
tion of  the  heats  of  combustion  of  aromatic  substances  to  their  hydride  derivatives  is 
noteworthy.  The  differences  of  the  heats  of  combustion  of  the  dihydro-  and  their 
corresponding  unaltered  benzenes  is  considerably  greater  than  the  difference  of  the 
beats  of  combustion  of  the  corre^x>nding  tetrahydro-  and  dihydro-,  as  well  as  the 
hexahydio-  and  tetrahydro-benzene  derivatives.  As  to  the  contradictory  conclusions 
which  have  been  deduced  from  these  facts  in  regard  to  the  manner  of  union  of  the 
carlx>n  atoms  in  the  benzene  ring,  see  A.  278,  115;  B.  27,  1065;  J.  pr.  Ch.  N.  F. 
48,  452 ;  49,  453. 

The  varying  stability  of  the  tri-,  tetra-,  and  penta-methylene  rings  referred  by  Baeyer 
to  the  varying  ring-pressure  (compare  the  introduction  to  the  carbocyclic compounds), 
also  manifests  itself  in  the  heats  of  combustion,  whereas  no  difference  could  be 
detected  between  the  penta-  and  hexa-methylene  rings.  As  to  how  far  observa- 
tions upon  the  mentioned  carbocyclic  compounds  can  be  applied  to  deductions  upon 
constitution,  it  may  be  said,  for  example,  that  the  heat  of  combustion  of  camphoric 
acid  excludes  the  assumption  of  a  tri-  or  tetra-methylene  ring ;  however,  it  argues 
for  the  presence  of  a  penta-  or  hexa-methylene  ring  in  camphor  (J.  pr.  Ch.  N.  F.  45, 
475 ;  A.  29t,  125). 


ACTION  OF  HEAT,  LIGHT,  AND  ELECTRICITY  UPON  CARBON 

COMPOUNDS. 

ACTION  OP  HEAT. 

Substances  that  react  most  energetically  upon  each  other  do  not  do 
soat  very  low  temperatures  (Raoul  Pictet,  Arch.  d.  Scienc.  phys.  et 
nat.  de  Geneve,  1893),  even  when  subjected  to  the  greatest  pressure, 
and  when  their  molecules  are  in  most  intimate  contact.  A  definite 
temperature  is  essential  for  the  occurrence  of  chemical  action.  The 
energy  of  a  reaction,  the  time  within  which  it  proceeds,  is  largely 
dependent  upon  the  temperature  of  the  substances  acting  upon  each 
other.  Hence  the  determination  of  the  most  favorable  temperature 
for  the  reaction  is  an  important  matter.  It  must  be  remembered  that 
the  heat  developed  in  chemical  changes  frequently  increases  the  initial 
reaction-temperature  rapidly  to  the  point  of  decomposition.  In  such 
cases  the  violence  of  the  reaction  must  be  moderated  by  cooling  or  by 
the  use  of  indifferent  diluents,  in  which  the  substances  acting  upon 
each  other  will  be  dissolved  before  the  reaction  occurs. 


The  action  of  chlorine  upon  toluene  (see  this)  or  upon  methyl  toluene  shows  par- 
ticularly well  how  much  the  kind  and  nature  of  the  action  is  dependent  upon  the 
temperature.     At  the  ordinary  temperature  the  chlorine  substitutes  the  hydrogen  of 
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the  phenyl  retkltte,  while  at  the  boiling  tempentore  it  is  the  hydrogen  of  the  methyl 
group  which  ii  replaced : 


C.H.XH,-^/'^*"^*-*'^- 


■>  c;H4a.CH, 


Numerous  analogous  obserrations  are  known. 

In  general,  carbon  compounds  are  much  less  stable  under  the  influ- 
rnce  of  heat  than  the  inorganic  bodies.  When  the  qualitative 
examination  of  organic  bodies  was  discussed,  mention  was  made  that 
many  carbon  compounds  decomposed  with  the  separation  of  carbon 
under  the  influence  of  heat. 

Other  compounds,  when  heated  at  the  ordinary  temperature, 
rearrange  themselves  without  alteration  of  their  molecular  magnitude, 
while  Home  polymerize.  Compounds,  volatilizing  undecomposed  at 
ordinary  pressure,  decompose  when  their  vapors  are  conducted 
through  tubes  heated  to  redness,  and,  as  a  rule,  new  bodies  are  formed 
together  with  partial  carbonization.  The  splitting-ofT  of  hydrogen, 
tl)e  halogens,  haloid  acids,  water  and  ammonia  leads  to  a  more 
intimate  union  of  the  already  combined  carbon  atoms,  and  carbon 
atoms  which  previously  were  not  united  with  one  another  not 
infrequently  combine  to  yield  carbocyclic  and  heterocyclic  bodies. 
Pyrocondtnsations  result  (B.  zz,  1214). 

In  the  special  p>art  of  this  volume  such  results  from  heat  action  will 
|)e  so  frequently  encountered  that  it  is  not  necessary  to  present  exam- 
ples of  the  special  kinds  of  reactions  at  this  time. 

It  may  suffice  to  mention  coal  tar;  it  contains  the  liquid  bodies 
formed  oy  the  decomposition  of  coal  under  the  influence  of  heat. 
ThiH  Btarting'OUt  material  is  important  both  for  the  development  of 
Noientiflr,  theoretical  organic  chemistry,  as  well  as  for  technical  chem- 
ihtry  (roal-tar  industry).  It  is  mainly  composed  of  carbo-  and  het- 
rKM'Vi'lic  compounds,  stable  under  the  influence  of  heat : 

<V1«  ^0^$  CiJi„ 

a»ti««ti».  Nuphthfticne.  Anthraccoe,  Fhenanthrene. 

l)UM|ili»Mf.         rytlilme.  Qulnolioe  and  Isoquinoline.       Acndine. 


•«  ACTION  OP  LIGHT. 

I  Ufltl  iMPilH  a  ijirat  influence  upon  carbon  compounds.     The  well- 
kii»ii«.t4  i».Hi  iiiiitu  of  this  kind  in  the  fleld  of  inorganic  chemistry  have 
ImIImk  (rtim  in  the  province  of  organic  chemistry. 

ntdft  III  ImIiim  aIniiiI  the  d(«com{)oaition,  the  rearrangement,  and  the  syn- 
III WoM  liMtlU'v  JiiM  ai  the  haloid  salts  of  silver  decompose  with  siWer 
^■1  (iMi  itiitMlkr^  liMlidriiKrparatrUMline  under  the  influence  of  light.  Hence 
i.M  mhIhMhh*  pa«^^l]y  become  yellow  and  finally  dark  brown  in  color. 


ACTION  OF  LIGHT. 
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Ethyl  mercuric  iodide  breaks  down  into  mercorons  iodide  and  butane.  Experience 
teaches  that  many  other  carbon  derivatives  decompose  more  or  leas  rapidly  when  they 
an  exposed  to  sunlight.  Hence  they  must  be  preserved  in  the  dark  or  in  vessels 
constructed  from  brown  colored  glass,  which  absorbs  the  chemically  active  rays  of 
sunlight.  It  is  technically  important  that  an  organic  dye  should  resist  the  influence 
of  light.  Most  of  them  are  not  /asl  colors,  they  are,  on  the  contrary,  bleached  by 
light. 

Of  the  decomposition -reactions  produced  by  sunlight  mention  may  be  made  of  the 
transposition  shown  by  succinic  acid^  mixed  with  uranic  oxide ;  it  splits  off  carbon 
dioxide  and  propionic  acid  results  (A.  133,  253) : 

CO,H.CH,.CH,.CO,H  =  C0,+  CH,.CH,.CO,H. 

Solutions  of  tartaric  acid  and  citric  acid,  mixed  with  uranic  oxide,  are  similarly  de- 
composed by  sunlight  (A.  S78,  373). 

On  exposing  anthracene  (see  this)  in  benzene  solution  to  sunlight  it  passes  into  a 
poljrmeric  modification,  pkenanthracene. 

The  combination  of  carbon  monoxide  and  chlorine,  forming  carbonyi  chloride  or 
phosgene  (Davy)  is  analogous  to  the  complete  union  of  hydrogen  and  chlorine,  form- 
ing hydrogen  diloride,  in  sunlight : 

H,-f  C1,  =  2HC1;  CO -f  CI,  =  COCl,. 

The  action  of  chlorine  upon  marsh  gas  (p.  82),  formaldehyde  (6.  29,  R.  88),  and 
other  carbon  derivatives  which  can  be  substituted  is  much  influenced  by  sunlight. 

The  experiments  conducted  by  Klinger  show  that  the  chemical  action  of  sunlight 
b  susceptible  of  more  extended  application  than  it  has  yet  found,  and  that  compounds 
can  be  produced  by  it,  which  could  only  be  prepared  in  the  ordinary  chemical  way  by 
most  powerful  or  refined  means.  He  found  that  ethereal  solutions  of  benzoquinnne, 
benzil,  and  phenanthraqainone  are  reduced  with  the  formation  of  aldehyde.  Further, 
that  acetaldehyde,  isovaleraldehyde,  and  benzaldehyde  unite,  under  the  influence  of 
sunlight,  with  phenanthraquinone  in  accordance  with  the  equation : 


C^H^.CO 


VfH^. 


C^H^.CO.COCH, 


I     -fCH,COH=     I        Jl 
CO  CjH^.COH 


Phenanthra-    Acetaldehyde.    Monacetyl  phenanthren- 
qainone.  hydroquinone. 

Isovaleraldehyde  and  benzaldehyde  also  unite  directly  with  benzoquinone,  but  in 
a  still  more  striking  manner,  in  that  a  nuclem-synthesis  (p.  85)  results.  With  benzal- 
dehyde the  reaction  proceeds  as  follows : 

C^H^O,  -h  C^Hj.COH  =  C,Hj.CO.C,H,  (OH), 

Benzo-  Benz-       Diozybenzophenone — ^isomeric  with  the 

qninone.         aldehyde,     expected  Monobenzoyl  hydroquinone. 


o-Nitrobenzylidene  acetophenone  in  ethereal  solution  is  changed  by  sunlight  to  in- 
digo and  benzoic  acid  (Engler  and  Dorant,  B.  28,  2497) : 


r[i]COC 
aC,HJ 

l[2]NO. 


]C0CH=CH.C,H5 

=C^H4 


[I]  CO  /CO[i]1 

C^C 
[2]NH/  '\NH[2] 


CeH.-faCeH^CO.H 


The  study  of  these  reactions  promises  much  for  the  interpretation  of  the  chemical 
changes  occurring  in  plants. 
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3.  ACTION  OP  BLECTRICrrV. 

The  actions  of  electricity  upon  organic  bodies  have  not  been  well 
investigated.  Some  of  the  reactions  induced  by  the  aid  of  this  agent 
possess  great  value  for  synthetic,  organic  chemistry.  The  only 
method  which  will  cause  theunion  of  free  hydrogen  with  free  chlorine, 
consists  in  the  action  of  the  electric  spark  upon  the  two  elements. 
Berthelot  showed  that  carbon  and  hydrogen  combined  to  acetylene  on 
passing  the  electric  spark  over  carbon  points  in  an  atmosphere  of 
hydrogen  :  aC  +  H,  =  CH  =  CH. 

Fig.  9  represents  the  apparatus  in  which  this  important  synthesis 
was  carried  out  (A.  chim.  phys. ;  [4]  X3»  143 ;  B.  23, 1638). 


GHiCH 


Fia9. 

Acetylene  and  nitrogen  (A.  150,  60)  under  the  inflaence  of  electric  discharges,  as 
well  as  cyanogen  and  hydrogen,  unite  to  yield  prussic  acid  (C.  .r.  76,  I132),  and 
carbon  monoxide  and  hydrc^n  form  methane  (Brodie,  A.  169,  270). 


CH 


CN 


^I'l  "*■  ^*  "^  ^^^" '    I    -f  H,  =  2CNH  ;    CO  +  3H,  =  CH,  +  H,0. 

On  the  other  hand,  Kolbe  decomposed  the  aqueous  solutions  of  the  poUssram 
salts  of  monobasic  carboxylic  acids,  especially  potassium  acetate,  by  the  electric 
current,  and  thus  prepared  dimethyl  or  ethane.  The  following  equation  represents 
the  breaking-down  of  the  potassium  acetate : 

+  -  4-  ^ 


CHjCO, 

chJco^ 


K    HOjH 

k'^'hoih 


CH.    CO,    KOH    H 

in,  co,'*"koh^h 


Kekul*  ap^ied  this  reaction  to  the  saturated  dicaiboxylic  adds,  t.  ^.,  succinic 

acid.    Later  he  and  Aarland  used  it  with  the  unsaturated  dicaiboxylic  adds : 

'*V?*^*r  ^■*^'^  meaaconic  acid,  dtraconic  add,  and  itaconic  add  (A.  131, 

Ch.   [2]   6,  256 ;    7,  142),  with  the  production  of  such  unsaturated 

as  ethylene,  acetylene,  allylcne.     Kolbe  and  Moore  obtained  ethylene 

m  cyanacetic  add  (B.  4,  519).    Crum  Brown  and  J.  Walker  included 

1  salts  of  the  add  esters  of  the  dicaib^ylic  adds  in  the  ciide  of  these 
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reactioiis,  thus  obtaining  the  neutral  esters  of  dibasic  acids,  e.  g. ,  potassium  etliyl- 
malonaCe  yielded  succinic  diethyl  ester  (A.  a6i,  107 ;  B.  04,  K.  36 ;  A.  274,  41 ; 
B.  a6,  R.  369,  380).  In  the  electrolysis  of  an  alcoholic  solution  of  sodium  malonic 
diethyl  ester  MuUiken  obtained  ethane  tetracarboxylic  ester  (B.  a8,  R.  450).  For 
the  electrolytic  reduction  of  aromatic  nitro-bodies  consult  B.  a8, 2349 ;  ag,  1390;  see 
also  p-amido-phenol. 


CLASSIFICATION  OF  THE  CARBON  COMPOUNDS. 

The  chemical  union  of  the  carbon  atoms  and  the  character  of  the 
groups  resulting  from  this  is  the  basis  of  the  division  of  the  carbon 
derivatives  into  tw6  principal  classes :  the  fatty  or  aliphatic  sub- 
stances (from  iJjsi^ap^  (at) — the  chain-tike  or  acycUc  carbon  derivatives 
or  the  methane  derivatives ^  and  the  cyctic  compounds  of  carbon. 

The  name  of.  the  first  class  is  borrowed  from  the  fats  and  fatty  acids 
comprising  it.  These  were  the  first  derivatives  accurately  studied.  It 
would  be  better  to  name  them  marsh  gas  or  methane  derivatives,  inas- 
much as  they  all  can  be  obtained  from  methane,  CH4.  They  are 
further  classified  into  saturated  and  unsaturated  compounds.  In  the 
first  of  these,  called  also  limit  compounds  or  paraffins,  the  directly 
united  quadrivalent  carbon  atoms  are  linked  to  each  other  by  a  single 
affinity.  The  number  of  n  carbon  atoms  possessing  affinities  capable 
of  further  saturation,  therefore,  equals  2n  4-  2  (see  p.  38).  Their 
general  formula  is  CbX^^,.  Here  X  represents  the  affinities  of  the 
elements  or  groups  directly  combined  with  carbon.  The  unsaturated 
compounds  result  from  the  saturated  by  the  exit  of  an  even  number  of 
affinities  in  union  with  carbon.  According  to  the  number  of  affinities 
yet  capable  of  saturation,  the  series  are  distinguished  as  C^^^iCJ^^t^ 
etc. 

The  methane  derivatives  contain  open  carbon  chains,  the  cyclic 
derivatives  contain  closed  chains,  or  carbon  rings.  When  carbon 
atoms  alone  have  formed  the  ring,  the  resulting  bodies  are  designated 
carbO'Cyctic  compounds. 

The  most  important  of  these  ring-shaped  bodies  is  the  ring  contain- 
ing six  carbon  atoms  with  six  free  valences. 

AH  the  aromatic  or  benzene  compounds  are  derived  from  it.  The 
importance  of  this  group  has  gained  for  it  a  special  position  in  the 
chemistry  of  carbon  derivatives. 

Compared  with  the  aliphatic  compounds  they  manifest  such  great 
differences  in  chemical  deportment  that  they  were  formerly  regarded 
as  a  second  class  of  organic  bodies,  and  as  such  were  placed  opposite 
to  the  first  class  or  aliphatic  substances. 

With  the  advances  in  organic  chemistry  numerous  compounds  were 
being  constantly  discovered,  which  it  is  true  contained  ring-shaped 
carbon  atoms,  but  in  chemical  deportment  approached  the  fatty  bodies 
more  closely  than  the  aromatic  derivatives.     In  the  so-called  hydro- 
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aiomatic  compounds  the  more  patra  of  hydrogen  atoms  which  attach 
themselves  to  the  benzene  nucleus  in  them,  the  greater  will  they 
resemble,  in  chemical  character,  the  aliphatic  derivatives.  Even  more 
closely  allied  to  the  latter  are  those  substances  which  contain  a  ring 
consisting  of  three,  four,  or  Ave  carbon  atoms — 

the  trimethyUne  derivatives, 
tetranuthyUne  derivatives, 
pentamethyiene  derivatives. 

These  constitute  the  passage  from  the  aliphatic  bodies  to  the  kydtv- 
aromatic  compounds,  to  which  the  aromatte  derivatives  attach  them- 
selves. 

There  are  many  carbon  compounds  which  contain  "rings."  In  the 
formation  of  the  latter  not  only  carbon  atoms,  but  also  osygen,  sulphur, 
and  nitrogen  atoms  have  taken  part. 

Such  bodies  have  been  termed  htlertxyclU  compounds  (from  ttt^ot, 
fureign).  As  a  rule,  these  derivatives  will  be  discussed  at  the  conclu- 
sion of  the  remarks  on  the  open  chain  bodies,  from  which  they  are 
derived  by  the  exit  of  water,  hydrogen  sulphide,  or  ammonia,  and  to 
which  they  can  again  be  changed.  A  large  class  of  heterocyclic 
bodies,  more  especially  Ikiophene,  discovered  by  Victor  Meyer,  then 
the  parent  substances  of  the  plant  alkaloids — pyridine,  quinoiine, 
isoquinoline,  etc.,  like  the  aromatic  bodies,  possess  a  very  stable  ring. 
It  may  be  said  in  the  case  of  many  heterocyclic  compounds  that  the 
subsunces  with  open  chains  from  which  they  may  be  theoretically 
deduced  do  not  really  exist.  Therefore  such  heterocyclic  compountfe 
will  be  purposely  set  to  one  side  and  be  discussed  after  the  carbo-  and 
I  isocyclic  derivatives.  The  divisions  of  the  chemistry  of  the  com- 
'f  pounds  of  carbon  would  then  be : 

I.  Fatty  Bodies :   Aliphatic   compounds,  methane  derivatives, 
chain-like  or  acycUe  carbon  derivatives. 

II.  Carbocyclic  Compounds. 

III.  Heterocyclic  Compounds. 

\  1.  FATTY  COMPOUNDS,  ALIPHATIC  SUBSTANCES 

■  OR  METHANE  DERIVATIVES,  CHAIN-LIKS 

^^—    -  YCLIC  CARBON  DERIVATIVES. 


I.  HYDROCARBONS, 
i  may  be  regarded  as  the  parent  substances  from 
bon  compounds  arise  by  the  replacement  of  the 
different  elements  or  groups. 
he  linking  of  carbon  atoms  were  presented  in  the 
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introduction  (p.  37).  We  distinguish,  therefore,  (i)  saturated  and 
(2)  unsaturated  hydrocarbons.  The  first  only  contain  singly  linked 
carbon  atoms,  while  the  unsaturated  contain  pairs  of  carbon  atoms 
united  doubly  and  trebly.  As  the  first  series  has  attained  the  limit  of 
saturation  by  hydrogen,  they  are  frequently  called  the  limit  hydro- 
carbons^  or,  after  the  first  member  of  the  series :  marsh  gas — the  methane 
hydrocarbons.  The  limit  hydrocarbons  are  not  very  reactive,  but 
they  are  very  stable;  hence  their  designation  d&  paraffins  (from  parum 
affinis). 

A.  Saturated  or  Limit  Hydrocarbons,  Paraffins,  Alkanes, 
Marsh  Gas  or  Methane  Hydrocarbons,  CnHaQ^,. 

N'omencUUure  and  Isomerism, — In  consequence  of  the  equivalence 
(confirmed  by  facts)  of  the  four  affinities  of  carbon  (see  p.  37)  no 
isomerides  are  possible  for  the  first  three  members  of  the  series 

CH^  CH| — CHg  CHg — CHj — CH^ 

MeUiane.  Ethane.  Propane. 

Formerly  these  hydrocarbons  were  designated  the  hydrides  of  univa- 
lent radicals — hydrocarbon  residuesor  alky  Is :  methyl,  ethyl,  propyl,  etc. 
Combined  with  the  water  residue  or  hydroxy],  they  yielded  the  alcohols 
CnHjo+iOH.  They  were  at  first  obtained  from  compounds  of  these 
radicals  with  other  elements  or  groups;  hence  the  names  methyl 
hydride  for  methane,  ethyl  hydride  for  ethane,  etc.  The  obtainable 
and  first  known  derivatives  of  the  alky  Is  CnHaQ^.!  were  their  hydroxyl 
derivatives  or  the  alcohols,  e,  g,y  QHs  OH,  ethyl  alcohol,  and  their 
halogen  ethers.  At  the  suggestion  of  A.  W.  Hofmann  their  names 
were  formed  later  by  replacing  the  final  syllable  "yl**  of  the  alkyls 
by  the  final  syllable  ''ane,'*  so  that  methane  was  used  for  methyl, 
ethane  for  ethyl,  propane  for  propyl,  etc.,  and  for  the  homologous 
series  the  name  aikanes  was  adopted. 

Two  structural  cases  exist  for  the  fourth  member,  C4H10 : 

/CH, 

CH, — CH,  —  CH, — CH,  and  CH~CH, 

Nonnal  Butane.  ^CH, 

Trimethylmethane. 
(Isobutane.) 

In  the  name  trimethylmethane  for  isobutane,  isomeric  with  normal 
butane,  is  indicated  that  this  substance  is  derived  from  methane  by 
the  replacement  of  three  hydrogen  atoms  by  three  methyl  groups. 

For  the  fifth  member,  pentane,  CsHu,  three  isomerides  are  possible : 

/CH, 
CH,  —  CH,  —  CH,  —  CH.  —  CH,  CHfCH, 

Normal  PenUne.  \CH,  .  CH, 

DimethyUtbyl  Methane.  ^^d 

CH,  CH, 

\r/  Tctramethyl  Methane. 

/  \ 

CH,  CH, 
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The  iiiimber  of  theoretically  possible  isomerides  now  increases 
rapidly.  Hexane,  CtHu,  has  6  isomerides ;  heptane,  C, Hm,  9  isomerides; 
octane,  C,H|s,  18 isomerides;  tridecane,  CuH««  802  isomerides  (B.  8, 
1056;  B.  13,  79a). 

Commencing  with  the  fifth  member,  the  names  are  formed  from 
the  Greek  words  representing  numbers. 

The  ''  Generm  Conunisiion  "  recommeodi  the  retention  of  the  ending  '*  ane/'  as 
fint  suggested  by  A.  W.  Hofmano  (J.  1865,  413),  for  the  hydrocarbons  CbH^^.,. 
The  hydrocarbons  with  branched  carbon  chains  are  considered  alkyl  substitution 
products  of  the  normal  hydrocarbons  already  contained  in  their  formulas,  and  the 
carbon  aUMBs  of  this  normal  hydrocarbon  are  numbered.  The  numbering  is  begun 
with  that  caibon  atom  to  which  the  side*cbain  is  adjacent : 

cii^XH  .CH,  .CH,.CH,  =  [Methylapentane]. 

CH, 

The  caibon  atoms  of  a  longer  substituting  radical  are  also  numbered,  and,  indeed, 
with  two  numbers.  First,  each  atom  is  marked  by  the  number  indicating  the 
place  where  the  side-chain  is  attached  to  the  normal  chain ;  second,  with  particular 
numbers,  beginning  with  the  carbon  atom  joined  to  the  central  or  main  chain  as 
nmnber  one. 

Furthermore,  should  an  alcohol  radical  attach  itself  to  the  middle  carbon  atom  of 
the  side-chain,  then  the  expressions  for  the  substituting  radical 


Metho-,etho-,etc,  instead  of  methyl>,  ethyl-,  etc. : 

:H,  . CH, .  CH,  .  CH .  CH, .  CH, .  CH,  =:^  [Metho.4i.ethyl-4.heplane]. 
(4»)CH-.CH, 
(4*)(iH, 

The  variation  in  structure  of  the  carbon  chain,  or  carbon  nucleus,  is 
the  cause  of  isomerism  in  the  paraffins.  This  type  of  isomerism  is 
called  chain- or  nucleus-isomerism  (p.  43). 

Methods  of  Formation  and  Properties  of  the  Paraffins. — 

The  limit  hydrocarbons  are  formed  in  the  dry  distillation  of  wood,  turf, 
lignite,  bituminous  coal,  and  bog-head  and  cannel  coal,  rich  in  hydro- 
gen ;  hence  they  are  present  in  illuminating  gas  and  in  the  light  oils 
of  coal-tar.  They  occur  already  formed  in  petroleum,  particularly  that 
from  America,  which  consists  almost  exclusively  of  them,  and  contains 
all  of  them  from  methane  to  the  highest.  It  is  difficult  to  isolate  the 
individual  hydrocarbons  from  such  mixtures.  Before  advancing  to  the 
general  methods  used  in  the  preparation  of  the  paraffins — methods  by 
which  the  individual  hydrocarbons  can  be  easily  obtained  in  pure  con- 
dition— it  will  be  best  to  discuss  the  two  important  members,  methane 
and  ethane, 

(1)  Methane,  CH4  (Methyl  hydride),  is  produced  in  the  decay  of 
^ic  substances ;  therefore  disengaged  in  swamps  (marsh  gas)  and 
in  which,  mixed  with  air,  it  forms  fire-damp. 
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In  certain  regions,  like  Baku  in  the  Caucasus  and  the  petroleum 
districts  of  America,  it  escapes,  in  great  quantities,  from  the  earth. 
It  is  also  present,  in  appreciable  amount,  in  illuminating  gas. 

The  synthesis  of  methane,  the  simplest  hydrocarbon,  from  which  all 
the  fatty  bodies  may  be  derived,  is  particularly  important.  By  the 
synthesis  of  a  carbon  derivative  is  understood  its  formation  from  the 
elements,  or  from  such  carbon  derivatives  which  can  be  obtained 
from  the  elements.  Under  proper  conditions  hydrogen  and  carbon 
may  be  directly  combined,  with  the  production,  however,  of  acety- 
lene CH  ^  CH  (p.  76),  and  not  methane.  The  latter  can  be  obtained 
(i)  from  carbon  disulphide  CS,  (which  may  be  made  directly  from  its 
constituents)  if  the  vapors  of  this  volatile  substance,  mixed  with 
hydrogen  sulphide  gas,  be  passed  over  red-hot  copper  (Berthelot) : 

C  -h  2S  =  CS,  ;  CS,  +  2H,S  +  8Cu  =  CH^  +  4Cn,S. 

Or  (2)  the  carbon  disulphide  is  conTerted  by  chlorine  into  carbon  tetrachloride  CCl^, 
and  this  reduced,  by  nascent  hydrogen  (sodium  amalgam  and  water) : 

cs,  +  3a,  =  ca^  +  s,a, ;         ca^  +  sh = ch^  +  4Ha. 

(3)  Methane  is  also  formed  from  carbon  monoxide  and  hydrogen,  if  the  mixture  of 
gases  be  exposed  in  an  induction  tube  to  the  action  of  electricity  (p.  76,  A.  169,  270) : 

2C  +  0,  =  2CX);  CO-f  3Ha  =  CH^  +  HaO. 

(4)  Aluminium  carbide  is  decomposed,  in  the  cold,  by  water,  forming  methane  and 
aluminium  hydroxide  (B.  27,  R.  620) : 

CjAl^  +  I2H,0  =  2CH4  -f  2Al,(OH),. 

Methyl  alcohol,  or  wood-spirit,  CH^.OH,  can  be  converted  into  methane  by  first 
changing  it  to  methyl  iodide,  and  then  (5)  reducing  the  latter  with  nascent  hydrogen 
(from  mout  zinc-copper),  or  with  sine  dust  in  the  presence  of  alcohol  (B.  9,  1810) ; 
or  (6)  by  preparing  zinc  methyl  from  methyl  iodide  and  decomposing  it  with  water : 

CH,.  OH >-  CH,I  +  2H  =  CH4  +  HI 

C"«-^7n  -L  ^OH  __  CH,  ,  7„^0H 
CH;>^°  +  HOH  -  CH;  +  ^<0H 
Zinc  Methide. 

In  the  laboratory  methane  is  made  (7)  by  heating  sodium  acetate 
with,  soda  lime.  The  active  ingredient  of  the  latter  is  sodium 
hydroxide.  The  addition  of  the  lime  is  for  the  purpose  of  protecting 
the  glass  vessel  from  the  corroding  action  of  the  molten  sodium 
hydroxide : 

CH,  .  COjNa  +  NaOH  =  CH^  -f  CO.Na,. 

Methane  is  a  colorless,  odorless  gas,  compressible  under  great  pres- 
sure and  at  a  low  temperature ;  its  critical  temperature  is  — 82**,  and 
its  critical  pressure  55  atm.  It  boils  under  760  mm.  pressure  at  — 160® 
and  at  — 164^  its  specific  gravity  is  0.415.     Its  density  equals  8 
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xs  ^  ;  -f  0-5595.  ^'  =  •)■  ^'  »*  slithilT  kJdUc  in  water,  but 
^"^'j^  -(,^  ,T  :c  aiccfaol.  It  bums  with  a  £uDtiy  lnmtDaos,  jwUotnsh 
Lt,n>e   *^  vnns  explosive  nixt-jm  with  air.  oxTgm,  and  chlorine  : 

CH.  +  zO,  =  CO,  -1-  iH,0  (mbV 

>-  ~«  ,*«vt.'«i>pCGed  iDto  carbon  and  hydrofcn  by  tbe  cOBtinned  pas- 
vv  V  ."  't»*  cJwtric  spark.  When  mixed  with  two  tcJihiks  of  chlorine 
"^  ^v-\>.(<*  in  d'f«^'  sunlight,  caiboD  separating  (CH,  +  iCl,  ^=  C  + 
•\v''^.  in  difiiiscd  suoUght  chlorine  substitution  products  are  pro- 
ves vsi  : 

.  It  4.a,  =  Ha  +  C(I,Cl— Maoochlor-BetfaucorBcthrlehloriik!. 

•I'll     i-0,  =  Ha  +  CH,a,— DichlonneUmnorinelhjlmediloride. 
V  ll   vl     +  "-Ti  =  "*^  +  CHCI,— TrichlormeOiMe  ordilorofan*- 
.  |),''i   '  ^  CIj  =  HQ  -j-  CCl, — Teti^hlunnethaae  or  CHfaoa  tetnchloride. 

\tvthvl  chloride  rcnden  possible  the  converaion  o(  methane  into 
I*,  ifn  I  alcohol,  ethane,  ethyl  alcohol,  and  acetic  acid. 

Vthane,  ^'■*»'/  Uylridt,  Dimethyl,  Methyl  Mitkatu  CH,.CH,.— 
ti.i>  htilrocarboD  was  discovered  in  1848  by  Frankland  and  Kolbe. 
u  .,  loTDied  (i)  by  the  addition  of  hydrc^n  to  the  two  unsaturated 
hi  tuH-arbons,  acetylene  and  ethylene,  when  the  multiple  linkage  of 
\\^  krtttHin  atoms  is  broken  down.  It  has  been  mentioned  under 
u»  i)\i(iie  that  acetylene  is  produced  by  the  direct  union  of  carbon  and 

CH       ,11      CH,     ,H      CH, 
^  +  H.  =  J^ ^Jh, ^i„.- 

tlliBne  may  be  obtained  from  ethyl  alcohol  by  means  of  (1)  ethyl 
ii.iliilii  or  (3)  by  means  of  linc  ethyl,  just  as  methane  was  prepared 
Utitti  nicthyl  alcohol: 


JZ,H,I  -)-  *H  =  C,Hj,H  +  HI. 


C.H, 


=-  §||*U  +  Zd  (OH),  (Fnnklurf). 

Ill  It  riii-rriirvethide  may  be  decomposed  by  concentrated  sulphuric 
«.,!  ((Ji  ),Hg  +  SO.H,=  2C.H,,H  +  SO,Hg  (Schorlemmer). 
T  '^-e  methods  led  to  the  assumption  that  ethane  was  ethyl 

following  reactions  show  how  ethane  can  be  formed 
of  two  methyl  residues,  and  hence  led  to  the  view  that 
n  was  dimethyl.  {5)  Sodium  is  allowed  to  act  upon 
or  (6)  zinc  methide  may  be  substituted  for  the  metal : 


(CH,I  +  » 
2CH,I  + 


«.  =  .,«,  — CH,  +  i  Nmt.  (Wflrti). 
(CH,),Zi>  =  I  CH,-CH,  +  ZnV 


1     ^ 
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A  more  coiiTcnient  method  (7)  consists  in  heating  acetic  anhydride  with  barium 
dioxide : 

2  (C,H,0),0  +  BaO,  =  C,He  +  (C,H,0,),Ba  +  2CO,. 

From  a  theoretical  point  of  view  (8)  the  electrolysis  of  a  concen- 
trated solution  of  potassium  acetate  (p.  76)  (the  method  used  by  Kolbe 
(1848)  when  he  discovered  ethane),  is  of  great  importance.  The 
salt  breaks  down  into  potassium,  its  electro-positive  constituent,  ap- 
pearing at  the  negative  pole  and  separating  hydrogen  from  water 
at  that  point,  and  also  the  unstable  radical  CH,.COs — ,  which 
immediately  decomposes  at  the  electro-positive  pole  into  — CH,  and 
CO,.  Two  methyl  groups  then  unite  to  dimethyl,  just  as  two  hydrogen 
atoms  combine  to  form  a  molecule  of  that  element : 

+  -  +  - 


CH,  i  CO, 

chJco, 


K      HO 


K      HO 


H        CH,  H 

=  J       -f  2CO,  +  2KOH  +  1 
H        CH,  H 


Both  Kolbe  and  P'rankland  belieTcd  that  ethyl  hydride  CsH^.H  differed  from 
dimethyl  CH,.CH,.  Such  a  difference  was  not  possible  in  the  light  of  the  valence 
theory.  By  converting  the  hydrocarbon  from  (C, H , ) ,  Hg  and  that  obtained  in  the  elec- 
trolysis of  potassium  acetate  into  the  same  ethyl  chloride  SchorIemmer(i863)  proved 
the  identity  of  ethyl  hydride  C,H,.H  and  dimethyl  CH,.CH„  thus  confirming  a 
fundamental  requirement  of  the  valence  theory : 

(C,Hj),Hg !^!!!! y  C,H,.H El! 3.C,H,a. 

2CH,.CO  OK  ^^^^^"^"^^  >CH,.CH, ^ j.CH,CH,a. 

Ethane  is  a  colorless  and  odorless  gas.  Its  critical  temperature 
equals  -f- 34^  and  its  critical  pressure  is  50.2  atmospheres.  It  boils 
at  —93**  under  760  mm.  pressure.  The  specific  gravity  of  liquid  ethane 
at  0°  is  0.466  (B.  27,  3305).     It  acts  like  methane  toward  solvents. 

Ethane  can  be  converted  into  ethyl  alcohol  through  its  monochlor- 
substitution  product. 

Homologues  of  Methane  and  Ethane. — In  preparing  the 
homologous  paraffins  the  homologues  of  ethyl  alcohol  C.H,.^i.OH 
and  the  saturated  fatty  acids  are  used. 

I.  Formation  from  compounds  containing  a  like  number  of 

carbon  atoms, 

(i)  From  the  unsaturated  hydrocarbons  by  the  addition  of  hydrogen 
(see  Ethane). 

(2)  By  the  reduction  of  alcohols,  ketones,  and  carboxylic  acids. 

(a)  The  alcohols,  for  example  ethyl  alcohol,  are  first  changed  to 
chlorides,  bromides,  and  iodides,  and  then  reduced  with  nascent 
hydrogen,  from  zinc  and  hydrochloric  acid,  or  from  sodium  amalgam 
and  alcohol.  The  iodides  can  also  be  treated  with  aluminium  chloride 
(B.  27,  2766). 
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Thus  propane  has  been  prepucd  from  the  two  propyl  iodidei,  C,HyI,  and 
trimethyl  methane  from  the  iodide  of  tertiary  butyl  alcohol  by  means  of  zinc  and 
hydrochloric  acid. 

(b)  The  saturated  fatty  adds,  CH„  +  ,.CO,H,  particularly  the  higher  members  of 
the  series,  may  be  converted  into  the  corresponding  parafl^  by  heating  them  with 
ooncentrated  hydriodic  add  and  red  phosphorus  to  200-250^ : 

C,H».CX),H  4-  6HI  =  C„H«  -h  3I1  +  aH,0. 
Stearic  Acid.  Octadecane. 

(c)  The  ketones  (see  these),  resulting  from  the  distilladon  of  the  caldum  sahs  of 
&tty  acids,  change  to  p*rafflnc  when  they  are  heated  with  hydriodic  acid.  It  is  more 
practical  to  first  prepare  the  keto-chlorides  (p  102)  by  the  action  of  phosphorus  penU- 
chloride  upon  the  ketones,  and  then  reduce  these.  , 

The  last  two  reactions  especially  were  applied  (B.  15,  1687,  1711 ;  19.  22") » 
the  preparation  of  the  normal  hydrocarbons  from  nonane,  CH,(CH,)yCH,,  to  telra- 
oosane  CH,(CH,)aCH,. 

(3)  Or,  the  alcohol  is  changed  by  an  alkyl  iodide  into  a  zinc  or  mer- 
cury alky  I.  and  the  zinc  alkyls  are  then  decomposed  by  water  (sec 
Methane  and  Ethane),  and  the  mercury  alkyls  by  acids  (see  Ethane). 

The  iodides  of  the  radicab  may  be  heated  with  zinc  and  water,  in  sealed  tubes, 
to  X  20-180°. 

11.  Formation  from  com^tounds  rich  in  carbon^  by  ike  sfUiUng-off  rf 

carbon. 

(4)  A  mixture  of  the  salts  of  fatty  acids  (the  carboxyl  derivatives  of 
the  alkyls)  and  sodium  or  potassium  hydroxide  is  subjected  to  dry  dis- 
tillation (see  Methane).     Soda-lime  is  preferable  to  the  last  reagents. 

When  the  higher  fatty  adds  are  subjected  to  this  treatment  the  usual  products  are 
the  ketones ;  hydrocarbons,  however,  are  produced  when  sodium  methylate  is  used 
(B.  92.  2133). 

The  dibasic  acids  are  similarly  decomposed : 

.CO,.Na 
CtH„C  -f  aNaOH  =  C^Hi4  -f  2CO,Na,. 

^CO,.Na 

HI.  Methods  of  Formation^  consisting  in  the  union  of  aikyls^  previ- 
ously not  directly  combined,  with  one  another. 

(5)  Method  of  WUrtz :  Action  of  sodium  (or  reduced  silver  or 
copper)  upon  the  bromides  or  iodides  of  the  alcohol  radicals  in 
ethereal  solution  (see  Ethane).     Thus  with  sodium  : 

QH(I  yields  C,Hj .  C^H^  Diethyl  or  normal  butane. 

CHjCHjCHjI  •*      C3H. .  C,H-  Dinormal  propyl  or  normal  hezane. 

'"HjCHjCHjCHjI         "      C,H, .  QH,  Dinormal  butyl  or  normal  octane. 

iction  proceeds  especially  easy  with  normal  alkyl  iodides  having  high 
weights.  Thus,  Hell  and  HSgele,  by  fusing  myricyl  iodide  vrith  sodium, 
Sexacomtanty  C^H,„,  a  compound  having  by  far  the  longest  normal  carbon 
22,  502).  By  using  a  mixture  of  the  iodides  of  two  primary  alcohols 
^ns  result  from  the  union  of  diflerent  radicals.     The  iodides  of  opdcally 
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•ctive  (p.  46)  alcohols,  e.  g, ,  optically  active  amyl  iodide,  yield  opdoUly  active 
paraffins  (B.  37,  R.  852). 

(6)  Action  ojf  zinc  atkyls  apon  alkylogens  (see  Ethane)  and  ketone  chlorides. 
Thus,  acetone  chloride  or  ^-dichlorpropane  is  clianged  by  zinc  methide  into  tetra- 
mediyl  methane : 

^|{;>co^^g|{.>ca,  +  zn<CH.=CH.>c<CH,^z„cv 

Acetoue.  Acetone  Chloride. 

(7)  By  the  electrolysis  of  the  alkali  salts  of  fatty  acids  (see  Ethane). 

Synthetic  Methods. — The  last  group  of  reactions  comprises 
synthetic  methods,  serving  for  the  building  up  of  hydrocarbons.  In 
the  formation  of  methane  from  carbon  disulphide  and  hydrogen  sul- 
phide it  was  explained  what  in  general  was  understood  by  the  synthesis 
of  a  carbon  compound.  Those  reactions  in  which  carbon  atoms^  not 
before  combined  with  one  another,  are  united  claim  particular  import- 
ance in  the  synthesis  of  the  compounds  of  carbon  (Lieben,  A.  146, 
200).  Most  of  the  carbon  derivatives  are  due  in  the  first  place  to 
the  combining- power  of  the  carbon  atoms  among  themselves.  Such 
reactions  are  the  synthetic  methods  of  organic  chemistry  in  the  more 
restricted  sense.  In  the  future  we  shall  designate  them  nucleus- synthe- 
ses. They  genetically  bind  together  the  members  of  an  homologous 
series,  and  the  homologous  series  among  themselves,  and  carry  the 
open  carbon  chains  into  closed  chains  or  rings. 

The  synthesis  of  a  carbon  compound  from  derivatives  of  carbon  of 
known  structure  is  important  for  the  recognition  of  its  structure  or 
constitution;  indeed,  it  is  one  of  the  most  important  aids. 

Properties  of  the  Paraffins. — The  lowest  members  of  the  series  up  to 
butane  and  tetramethyl  methane  are  gases  at  the  ordinary  temperature. 
The  middle  members  are  colorless  liquids,  with  a  faint  but  character- 
istic odor.  The  higher  representatives,  beginning  with  hexadecancy 
CmHm,  melting  at  18^,  are  crystalliire  solids.  The  highest  members 
are  only  volatile  without  decomposition  under  reduced  pressure.  The 
boiling  points  rise  with  the  molecular  weights ;  the  difference  for  CH, 
is  at  first  30^,  and  with  the  higher  members  it  varies  from  25-13^. 

The  boiling  points  o{ propane ^  of  the  two  butanes ^  the  three /^n/ltf^w, 
and  the  five  known  hexanes  are  given  in  the  following  table.  All  the 
theoretically  possible  isomerides  are  known  : 

Boiling  point  below 
Structural  Formula.  760  mm. 

C;H,      Propane  CH,.CH,.CH,  —45''(  8.37,3306). 

C4H,,    NiMinal  Butane  CH,.CH,.CH,.CH,  -f    1«(B.  27,2768). 

Trimethyl  Methane  CH3.CH(CH,V  — 17<> 

CjHu    Normal  Pentane  CHs.(CH,VCH.  +38^ 

Dimethyl-ethyl  Methane  CHvCH,.CH(CH3),  +  3o» 

Tetrainethyl  Methane        C(CHj\  -f  10** 

C,H,4    Normal  Hexaae  CH,(CH,).CH,  -f- 71* 

Methyl  diethyl  Methane  CH,(C,H5),CH  -f  64^ 

Dimethylpropyl  Methane  CH,.CH,.CH,.CH(CH,\  -f  62" 

Di-isopropyl  (CH,)a.CH.CH.(CH5),  +58** 

Trimethyl  ethyl  Methane  CH,.CH,,C(CH,),  -f  43— 4«" 
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It  is  evident  from  this  presentation  that  among  isomerides  those 
with  normal  structure  (p.  42)  have  the  highest  boiling  points.  A 
general  rule  would  be  that  with  the  accumulation  of  methyl  groups  in 
the  molecule  the  boiling  points  of  isomeric  bodies  are  lowered.  The 
same  regularity  will  be  again  encountered  in  other  homologous  series. 
The  subjoined  table  contains  the  melting  points,  boiling  points,  and 
the  specific  gravities  of  the  known  normal  paraffins : 


Heptane, .... 
Octane,  .... 
Nonane,  .... 

I^cane, 

Undecane,  .  .  . 
Dodecane,  .  .  . 
Tridecane,  .  .  . 
Tetradecane,  .  . 
Pentadecane,  .  . 
Hezadccane, 
Heptadccane,  . 
Octadecane,  .  . 
Nonadecane,  .  . 
Eicosane,  .  .  . 
Heneicosane,  .  . 
Dooosane,  .  .  . 
Tricosane,  .  .  . 
Tetracosane,  .  . 
Heptacosane, .  . 
Hentriacontane, 
DotriacoDtane,  . 
Pentatriacontane, 
Dimyricyly  .    .   . 


Melting  Point. 


-SI*' 

—  32® 

—  26.5® 

—  I2<» 

—  6.2» 

+  5.5** 
+  10® 

-f-i8<» 

-I-280 

+  32** 

-f  40.4** 

+  44.4° 

+  47.7** 
+.511^ 

-f  59-5** 
-f  68.i« 

4-  70.0® 

+  74. 7** 
-f  102® 


a 

I 

a 
•• 

B 

I 

hi 

•o 
s 

D 
g 

« 

8 

a 

• 

8 
E 
10 


e 


B.  P. 
98.4^ 

125.5» 

149-5** 
173** 
194.5** 
214° 

234** 

252.5** 
270. 5® 

287.5** 

303** 

317** 

330** 
205® 

215® 

224. 5» 

234** 

243** 
270® 

302® 

3io*» 

331** 


Sp.  Gr. 
o,7oo6(oP) 
0.7188(0° 

-  0.7330(0** 

0.7456(00 
0.7745 

0773 

0.775 

0.775 

0.775 

0.775 
0.776 

0.776 

0.777 

0.777 
0.778 

0.778 

0.778 

0.778 

0.779 

0.780 

0.781 

0.781 


at  their 
n.  p. 


The  limit  hydrocarbons  are  insoluble  in  water.  The  lower  and  intermediate 
members  are  readily  soluble  in  alcohol  and  ether.  The  solability  in  these  last  two 
solvents  falls  with  increasing  molecular  weight.  Dimyricyl,  C,qH|„,  melting  at  102°, 
is  scarcely  soluble  in  them. 

The  specific  gravities  of  the  liquid  and  solid  hydrocarbons  increase  with  their 
molecular  weights,  but  are  always  less  than  that  of  water.  It  is  remarkable  that  in 
the  case  of  the  higher  members  the  specific  gravities  at  the  point  of  fusion  are  almost 
the  same.  They  rise  from  0.773  ^^^  dodecane,  C,,H„,  to  but  0.781  for  pentatri* 
acontane,  C^Hf, ;  consequently  the  molecular  volumes  are  nearly  proportional  to  the 
molecular  weighu  (B.  15,  1719;  A.  223,  268). 

The  paraffins  are  not  absorbed  by  bromine  in  the  cold  or  sulphuric 
atid,  being  in  this  way  readily  distinguished  and  separated  from  the 
unsaturated  hydrocarbons.  They  are  not  very  reactive  and  are  very 
stable,  hence,  their  designation  z& paraffins.  Fuming  nitric  acid  and 
even  chromic  acid  are  without  much  effect  upon  them  in  the  cold ; 
when  heated,  however,  they  generally  burn  directly  to  carbon  dioxide 
and  water.  Recently,  n-hexane  and  n-octane  have  been  nitrated  by 
heating  them  with  dilute  nitric  acid.  When-  acted  upon  by  chlorine 
or  bromine  they  yield  substitution  products. 

By  means  of  the  latter  the  paraffins  can  easily  be  converted,  as  ob- 
served under  methane  and  ethane,  into  other  derivatives. 
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Technical  Preparation  of  the  Limit  Hydrocarbons. — The 

hydrocarbons,  technically  accessible,  are  applied  in  remarkably  large 
quantities  for  illumination  and  heating  purposes.  They  are  also  used 
as  solvents  for  fats,  oils,  and  resins,  and  as  lubricants  for  machinery ; 
finally,  as  salves. 

The  great  abundance  of  petroleumy  rock-oil  (naphtha),  is  of  the  ut- 
most importance  to  chemical  industry.  It  is  especially  abundant  in 
Pennsylvania  and  Canada,  although  it  is  also  found  in  the  Crimea 
along  the  Black  Sea,  and  at  Baku  on  the  shore  of  the  Caspian,  as  well 
as  in  Hungary,  Galicia,  Roumania,  and  the  Argentine  Republic.  Its 
occurrence  in  Germany,  in  Hannover,  and  in  Alsace  is  limited.  Since 
the  year  1859  efforts  have  been  put  forth  to  work  oil  wells,  which  have 
been  known  for  many  years,  and  also  to  make  new  borings.  (See 
H5fer:  Das  Erddl  and  seine  Verwandten,  1888.) 

The  following  data  give  some  idea  of  the  vast  quantities  in  which  this  product 
is  handled  :  In  1889  the  yield  of  crude  oil  in  America  was  about  35,000,000  barrels ; 
in  Russia,  about  21,000,000  barrels ;  in  other  countries,  1,700,000  barrels,  of  which 
Alsace  furnished  45 ,000  barrels  and  Hannover  6000  barrels.  The  barrel  contains 
159  liters.  The  consumption  in  Germany  represented  about  4,000,000  barrels  (see 
F.  Fischer,  Hdb.  d.  ch.  Technologie,  1893,  S.  128). 

In  a  crude  state  it  is  a  thick,  oily  liquid,  of  brownish  color, 
with  greenish  luster.  Its  more  volatile  constituents  are  lost  upon 
exposure  to  the  air;  it  then  thickeils  and  eventually  passes  into 
tuphaUum,  The  greatest  differences  prevail  in  the  various  kinds  of 
petroleum.  It  is  very  probable  that  petroleum  has  been  produced  by 
the  distillation  of  the  fatty  constituents  of  fossil  animals.  This  took 
place  under  great  pressure  and  by  the  heat  of  the  earth.  The  distilla- 
tion of  fish  blubber  underpressure  has  yielded  products  very  similar  to 
the  American  petroleum  (Engler,  B.  az,  1816 ;  26,  1449 ;  Ochsenius, 
B.  24,  R.  594). 

At  the  conclusion  of  his  investigations  on  metallic  carbides  Moissan 
shows  that  on  decomposing  the  metallic  carbides  in  the  interior  of  the 
earth  with  water  hydrocarbons  might  arise,  and  these  could  cause  the 
gas  and  petroleum  wells  (B.  29,  R.  614). 

American  petroleum  consists  almost  exclusively  of  normal  paraffins ; 
yet  minute  quantities  of  som^  of  the  benzene  hydrocarbons  (cumene 
and  mesitylene)  appear  to  be  present.  In  a  crude  form  it  has  a  specific 
gravity  of  0.8-0.92,  and  distils  over  from  30-360**  and  beyond  this. 
Various  products,  of  technical  value,  have  been  obtained  from  it  by 
fractional  distillation:  Petroleum  ^M^r,  specific  gravity  0.665-0.67, 
distilling  about  50-60^,  consists  of  pentane  and  hexane ;  petroleum 
benzine,  not  to  be  confounded  with  the  benzene  of  coal  tar,  has  a 
specific  gravity  of  0.68-0.72,  distils  at  70-90®,  and  is  composed  of 
hexane  and  heptane ;  ligrolne,  boiling  from  90°-!  20**,  consists  princi- 
pally of  heptane  and  octane ;  refined  petroleum,  called  also  kerosene, 
boils  from  150-300**  and  has  a  specific  gravity  of  0.78-0.82.  (For  the 
apparatus  of  Engler  and  Abel  intended  to  determine  the  flashing  point 
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of  petroleum  see  Eisner :  Die  Praxis  des  Chemikers  [1893]  S.  399,  401; 
B.  29,  R.  553).  The  portions  boiling  at  high  temperatures  are  applied 
as  lubricants ;  small  amounts  of  vaseline  and  paraffins  (see  below)  are 
obtained  from  them. 

Caacastan  petroleum  (from  Baku)  has  a  higher  specific  graWty  than  the  American ; 
it  contains  far  less  of  the  light  ▼olatile  constituents,  and  distils  about  150°.  Upward 
of  10  per  cent,  benzene  hydrocarbons  (C^H^  to  cymene  C.gH,^)  may  be  extracted  by 
shaking  it  with  concentrated  sulphuric  acid ;  and  in  addition  less  saturated  hydro- 
carbons, CBH,o-.t>  ^^^'  (^*  '9*  ^*  ^7^)'  These  latter  are  also  present  in  the 
German  oils  (Naphthenes,  B.  20,  595).  That  portion  of  the  Caucasian  petroleum 
insoluble  in  sulphuric  acid  consists  almost  exclusively  of  CbH,b  hydrocarbons,  the 
naphthenes,  which  belong  to  the  cycloparaffins  (p.  89),  and  are  probably  chiefly 
pentamethylenes,  mixed,  perhaps,  with  aromatic  hydrides ;  hexahydrozylene=octo- 
naphthene,  hexahydromesitylene=non-naphthene  (B.  z6,  1873;  i^f  ^'  i^>  ^^ 
1850,  R.  570).  From  its  composition,  Galician  petroleum  occupies  a  position  inter- 
mediate between  the  American  and  that  from  Baku  (A.  320,  188). 

German  petroleum  also  contains  benzene  hydrocarbons  (extracted  by  sulphuric 
acid),  but  consbts  chiefly  of  the  saturated  hydrocarbons  and  naphthenes  (Kraemer, 
B.  30,  59S)*  The  so-called  petrolic  acids  are  present  in  all  varieties  of  petroleum, 
particularly  that  from  Russia  (Beilstein,  Hdb.  d.  01^.  Ch.,  Ill  Aufl.,  522). 

Products  similar  to  those  aflorded  by  American  petroleum  are  yielded  by  the  tars 
resulting  from  the  dry  distillation  of  cannel  coal  (in  Scotland)  and  a  variety  of  coal 
found  in  Saxony.  These  tars  contain  appreciably  greater  quantities  of  unsaturated 
hydrocarbons  associated  with  the  naphthenes  and  paraffins,  as  well  as  the  aromatic 
hydrocarbons  present  in  the  tar  from  bituminous  shales  (Heusler,  B.  28,  488;  Z.  f. 
anorg.'Ch.  1896,  S.  319).  Large  quantities  of  solid  paraffins  are  also  present  in 
these  tar  oils. 

By  paraffins^  we  ordinarily  understand  the  high-boiling  (beyond 
300^)  solid  hydrocarbons  arising  from  the  distillation  of  the  tar 
obtained  from  turf,  lignite,  and  bituminous  shales.  Paraffin  was  dis- 
covered by  Reichenbach  (1830)  in  the  tar  from  beech-wood.  They 
are  more  abundant  in  the  petroleum  from  Baku  than  in  that  from 
America.  Mineral  wax,  ozokerite  (in  Galicia  and  Roumania;  also 
upon  an  island  in  the  Caspian  Sea,  B.  16,  1547)  and  neftigil  (in  Baku), 
are  examples  existing  in  a  free,  solid  condition.  For  their  purification 
the  crude  paraffins  are  treated  with  concentrated  sulphuric  acid,  to 
destroy  the  resinous  constituents,  and  then  re  distilled.  Ozokerite 
that  has  been  directly  bleached,  without  distillation,  bears  the  name 
ceresine^  and  is  used  as  a  substitute  for  beeswax.  Paraffins  that  liquefy 
readily  and  fuse  between  30-40^,  are  known  as  vaselines;  they  find 
application  as  salves. 

When  pure,  the  paraffins  form  a  white,  translucent,  leafy,  crystalline 
mass,  soluble  in  ether  and  hot  alcohol.  They  melt  between  45^  and 
70^,  and  are  essentially  a  mixture  of  hydrocarbons  boiling  above 
300^,  but  appear  to  contain  also  those  of  the  formula  CoH^.  Chemi- 
cally, parafi^n  is  extremely  stable,  and  is  not  attacked  by  fuming  nitric 
acid.  Substitution  products  are  formed  when  chlorine  acts  upon 
paraffin  in  a  molten  state. 
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B.  Unsaturated  Hydrocarbons. 


1.  CnHsa 

2.  C^Hnk  - 1 

3.  CbHsb  —  1 

5.  CnHfa  —  • 


Olefines,  Alkylens,  Alkenes. 
Acetylene  Series. 
Diolefine  Series. 
OlefiziAoetjlene  Series. 
DUcetylene  Series. 


X.  OLBPINB8  or  ALKYLEN8.     C.H,^. 

The  hydrocarbons  of  this  series  contain  two  hydrogen  atoms  less 
than  the  limit  hydrocarbons.  All  contain  two  adjacent  carbon  atoms 
united  doubly  to  each  other,  or,  as  commonly  expressed,  they  contain 
a  double  carbon  linkage.  The  olefines  readily  add  two  univalent 
atoms  or  radicals ;  the  double  carbon  union  is  then  severed.  Paraf- 
fins or  their  derivatives  result. 

The  names  of  the  olefines  are  derived  from  the  names  of  the  alcohols  containing 
a  like  cariwn  content,  with  the  addition  of  the  suffix  '*ene":  ethylene  from  ethyl, 
propylene  from  propyl,  and  finally  for  the  series  we  have  the  name :  alkylem.  In 
the  **  Geneva  names ''  the  yl  of  the  alcohol  radicals  is  replaced  by  *<  ene  ":  [ethene] 
from  ethyl,  [propene]  from  propyl,  and  for  the  series :  alkenes.  In  long  series  the 
position  of  the  doable  union  is  indicated  by  an  added  number'  (p.  80).  Methylene, 
=iCH,,  the  hydrogen  compound  corresponding  to  CO,  has  thus  far  resisted  isolation 
as  completely  as  — CH^.  Two  =CH,  groups  inyariai>ly  unite  to  ethylene — the  first 
member  of  the  series.  Beginning  with  the  second  member  of  the  series  we  find,  as 
we  advance,  that  the  olefixies  have  isomerides  in  the  ring-shaped  hydrocarbons — the 
cycloparaffins  or  cyclic  limit  hydrocarbons : 

CH, 
Propylene  has  an  isomeride  in  trimethyUne — Cyclopropane        Au  >CH, 

The  three  butylenes  have  an  isomeride  in  Uiramethylene —        CH,.CH, 

Cyclobutane    CH,.CH, 

The  five  amylenes      *«       «*        ««         *^ pentamethyUne—      ^^«-^^»v:rM 

Cyclopentane    CHaXH,-^^"' 
The  hexylenes  are  isomeric  with  hexanuthyUne —  CH,-CH,-CH, 

[Cydohexane]  hexahydrobenzene    CHj-CH^-CH, 
The  heptylenes  are  isomeric  with  suherene — heptamethylene     CH,.CH,.CH,    p„ 

[Cycloheptane]       CH,.  CH,-CH,^       « 

The  cycloparaffins  are  more  closely  allied,  in  chemical  character,  to  the  paraffins 
than  to  their  isomeric  olefines,  as  they  only  contain  singly  linked  carbon  atoms.  They 
lack  in  additive  power,  as  the  addition  of  hydrogen  could  only  result  in  a  rupture  of 
the  ring.  In  their  derivatives,  the  cycloparaffins  form  the  transition  from  fatty  bodies 
to  the  aromatic  compounds.  They  will  not  be  considered  in  the  discussion  of  the 
olefines. 

Olefine  isomerides  appear  first  with  butylene.  Three  modifications  are  possible 
aod  are  also  known : 

(I)  CH,— CH,— CH=CH,    (2)  CH,— CH=CH— CH,        (3)  CH,=C(CHj), 
Bntylene  [Butene  i].  Pscudobutylene  [Butenc  2].    laobutylene  [Methyl  Propene]. 

Five  olefines  of  the  formula  C5H10  are  possible,  etc. 
Ethylene  is  the  type  of  olefines.     It  will  now  receive  attention. 
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Ethylene*  CH,  =  CH,  [^M^iir],  Elayl;  called  oU-formng  gai 
because,  by  the  action  of  chlorine,  it  jrieldsan  oily  compound,  ethylene 
chloride  (see  this).  This  property  has  given  the  name  to  this  homol- 
ogous series.  Ethylene  is  formed  in  Uie  dry  distillation  of  many 
organic  bodies,  and  is,  therefore,  present  in  illuminating  gas  (4  to  5 
per  cent.). 

Methods  of  Formation, — (i)  By  hAting  methylene  iodide,  CHfla* 
with  metallic  copper  to  100^  in  a  sealed  tube  (Butlerow) : 

CH, 

2CH,I,-f4Ca=  I      -f  2Cii,V 

CH,         * 

(2)  By  the  action  of  metallic  sodium  upon  ethylidene  chloride 
(Tollens)  and  ethylene  chloride,  as  well  as  from  zinc  and  ethylene 
bromide : 

CHa,       CH,a  CH,  CH,Br  CH, 

I  or  I  -f-2Na=||       -f-2Naa;     I  +Zn=||      +  ZoBr^ 

tH,  CH,a  CH,  CHfix  CH, 

(3)  By  the  action  of  zinc  and  ammonia  upon  copper  acetylide : 

CH  CH, 

(4)  When  alcoholic  potash  acts  upon  ethyl  bromide : 

CHjBr  CH,  . 

I  -fKOH  =  H       -fKBr-hHjO. 

(5)  Upon  heating  ethyl  sulphuric  acid  (see  below).  This  is  the 
method  usually  pursued  in  the  laboratory  for  the  preparation  of  ethy- 
lene (A.  292,  244) : 

^«<OH^^* = ^4««  +  ^«*- 

(6)  Electrolyze  a  concentrated  solution  of  potassium  succinate  (see 
ethane)  (Kekul^) : 

+  -  +  - 


CH, 


CO, 


K      HOiH       CH,  H 


CH,iCO,  K      HOiH       iiH,  k 

-lene  is  a  colorless  gas,  with  a  peculiar,  sweetish  odor.     Water 

3  but  small  quantities  of  it,  while  alcohol  and  ether  absorb 

volumes.     It  is  liquefied  at  o*^,  and  a  pressure  of  42  atmos- 

Its  critical  temperature  is  13*^,  while  its  critical  pressure  ex- 

0  atmospheres.     It  melts  at  — 169°,  and  at  ordinary  pressure 

—  105**,  and  is  suitable  for  the  production  of  very  low  tem- 
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peratures.  It  burns  with  a  bright,  luminous  flame,  decomposing  into 
methane  and  acetylene  (B.  27,  R.  459).  In  chlorine  gas  the  flame  is 
very  smoky ;  a  mixture  of  ethylene  and  chlorine  burns  away  slowly 
when  ignited.  It  forms  a  very  explosive  mixture  with  oxygen  (3 
volumes). 

(i)  Aided  by  platinum  black  it  will  combine  with  hydrogen  at 
ordinary  temperatures,  yielding  tI!,H,  (B.  7,  354). 

(2)  It  is  absorbed  by  concentrated  hydrobromic  and  hydriodic 
acids  at  100^,  with  the  production  of  C,H|Br  and  C,HJ : 

CH,  CH,  CH,  CH,I 

Jl     +H,=  I       ;  I     +HI=  . 

CH,  CH,  CH,  CH, 

(3)  It  combines  with  sulphuric  acid  at  160-174^,  forming  ethyl  sul- 
phuric acid ;  and  with  sulphuric  anhydride  it  yields  carbyl  sulphate : 

CH,  OH  O.CjH.  CH,  CHyO.SO, 

Jl     +SO,<       =S0,<  ;  II      +2S0,=  .  >0. 

CH,  OH  OH  CH,  CH,— SO, 

(4)  It  unites  readily  with  chlorine  and  bromine,  as  well  as  with 
alcoholic  iodine,  and  the  two  modifications  of  ipdine  chloride : 

CH,  CH,Br  CH,  CH,a 

Jl    -hBr,=  i       ;         n     +ai=i      . 

CH,  CH,Br  CH,  CH,l 

(5)  It  forms  the  monochlorhydrin  of  glycol  by  its  union  with  hypo- 
chlorous  acid. 

(6)  Ethylene  glycol  itself,  however,  is  produced  by  carefully  oxi- 
dizing ethylene  with  dilute  potassium  permanganate,  which  acts  as  if 
hydrogen  peroxide  added  itself  to  the  ethylene : 

CH,  CH,C1  CH,      OH      CH,OH 

Jl      -|-C10H=I  ;  Jl      -hi      =1 

CH,  CH,OH  CH,      6h      CH,0H 

Ethylene  Homologues. — Higher  oleflnes  are  found  in  the  tar 
from  bituminous  shales  (B.  28,  496).  Just  as  ethyl  alcohol  is  the 
most  suitable  substance  for  the  preparation  of  ethylene,  so  are  its 
homologues  the  best  starting-out  material  for  the  production  of  the 
homologues  of  ethylene. 

Methods  of  Farmatian. — (i)  The  halogen  derivatives,  readily  formed 
from  the  alcohols,  are  digested  with  alcoholic  sodium  or  potassium 
hydroxide. 

In  this  reaction  the  haloid  (especially  the  iodides)  deriTatives  corresponding  to  the 
secondary  and  tertiary  alcohols  break  up  very  readily.  Propylene  has  been  obtained 
Irom  isopfopyl  iodide,  a-huiyUne  from  the  iodide  of  normal  batyl  alcohol,  ^butylene 
fiom  secondary  butyl  iodide,  and  isobutylene  from  the  iodide  of  tertiary  butyl  alcohol. 
Many  others  have  been  prepared  in  the  same  way.  Heating  with  lead  oxide  effects 
the  same  resnlt  (B.  11,  414).     Tertiary  iodides  yield  olefines  when  treated  with 
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(2)  Distil  the  monohydric  alcohols,  C.Hte4.iOHy  with  dehjrdrating 
agents,  e.g.,  sulphuric  acid,  chloride  of  zinc,  and  phosphorus  or 
boron  trioxide.  These  remove  one  molecule  of  water.  Isomeric  and 
polymeric  forms  are  produced  along  with  the  normal  defines. 

The  secondary  and  tertiary  alcohols  decompose  with  special  readiness.  The 
higher  alcohols,  not  volatile  without  decomposition,  suffer  ue  above  change  when 
heat  is  applied  to  them  ;  thus  cetene,  Cj^ H„,  is  formed  00  distilling  cetyl  alcohol, 

when  sulphuric  acid  acts  upon  the  alcohob,  acid  esters  of  sulphuric  acid  (the  so- 
called  acid  ethereal  salts — see  these)  appear  as  intermediate  products.  When  heated 
these  break  down  into  sulphuric  acid  and  Cn  Hsn  hydrocarbons  (compare  ethylene). 

The  higher  ole6nes  may  be  obtained  from  the  corresponding  alcohols  by  distilling 
the  esters  they  form  with  the  fatty  acids.  The  products  are  an  olefine  and  an  add 
(B.  16,  3018) : 

CjHnO.O.CijH-  =  C^H,,O.OH  +  C„H^. 
Doclecyl  Ether  of  .      PaTmitic  Acid.     Dodecylene. 
Palmitic  Acid. 

(3)  By  the  action  of  metals  upon  the  halogen  addition  products 
of  the  olefines  (see  ethylene). 

(4)  Electrolyze  the  potassium  salts  of  saturated  dicarboxylic  acids 
(see  ethylene). 

(5)  When  zinc  alkylens  act  upon  brom-olefines,  e.  g,,  CH,=  CHBr, 
which  with  zinc  yields  a-butylene  or  ethyl  ethylene. 

(6)  Olefines  have  also  been  obtained  by  the  reaction  of  Wiirtz 

(p.  84). 

(7)  The  formation  of  higher  alkylens  in  the  action  of  lower  mem- 
bers with  tertiary  alcohols  or  alkyl-iodides  is  noteworthy.  Thus,  from 
tertiary  butyl  alcohol  and  isobutylene,  with  the  assistance  of  zinc  chlo- 
ride or  sulphuric  acid,  we  get  isodibutylene  (A.  189,  65  ;  B.  ay,  R. 
626): 

(CH,),C.OH  -f  CH,  :  C(CH,),  =  (CH,),C.CH :  C(CH,),  +  H,0. 

Isodibutyleue. 

The  action  of  the  ZnCl,  is  due  to  the  formation  of  addition  products,  e.  ^.,  tri- 
methyl  ethylene  and  zinc  chloride  unite  to  the  crystalline  compound  (CH,)jC  = 
CHCH,,2ZnCl,.  Water  concerts  this  into  dimethyl -ethyl  carbinol,  while  hydrogen 
chloride  produces  the  chloride  of  the  latter.  This  chloride  and  trimethyl  ethylene 
then  unite  to  a  saturated  chloride,  which  on  distillation  splits  off  hydrochloric  acid 
and  yields  diamylene  (B.  25,  R.  865). 

Tetramethyl  ethylene  (B.  16, 398)  is  produced  on  heating  /9-isoamylene  (see  p.  94) 
with  methyl  iodide  and  lead  oxidie : 

(CH,),C :  CH.CH,  +  CH,I  =(CH,),C :  C(CH,)j  +  HI. 

In  the  dry  distillation  of  many  complicated  carbon  compounds  the  olefines  are 
produced  along  with  the  normal  parafnns,  hence  their  presence  in  illuminating  gas 
and  in  tar  oils. 

Properties  and  Rearrangements  of  the  Olefines. — So  far  as  physical 
properties  are  concerned,  the  olefines  resemble  the  normal  hydrocar- 
bons ;  the  lower  members  are  gases,  the  intermediate  ethereal  liquids, 
while  the  higher  (from  QtHn  up)  are  solids,     (generally  their  boiling 
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points  are  a  few  degrees  higher  than  those  of  the  corresponding 
paraffins. 

In  chemical  properties,  on  the  other  hand,  they  differ  greatly  from 
the  paraffins. 

Being  unsaturated,  they  can  unite  directly  with  two  univalent  atoms 
or  groups;  then  the  double  binding  becomes  single. 

They  combine : 

(i)  With  nascent  hydrogen,  forming  paraffins  with  a  like  number  of 
carbon  atoms  (see  ethylene). 

(2)  With  HBr  and  with  especial  readiness  with  HI. 

The  haloid  adds  attach  themseWes  in  such  a  manner  to  the  mono-  and  di-alkf  1 
ethylenes  that  the  halogen  unites  with  the  carbon  atom  holding  the  fewest  hydrogen 
atoms.  As  such  alkylized  ethylenes  can  be  prepared  from  the  proper  primary  alco- 
hols by  the  splitting-ofT  of  water,  such  reactions  can  be  employed  to  convert  primary 
into  secondary  alcohols,  and  also  tertiary  alcohols  (p.  1 10) . 

The  oIe6nes  are  also  capable  of  combining  with  the  fat-acids  (B.  25,  R.  463) 
when  exposed  to  a  high  heat  (290-300^),  e,  g,  : 

qHjjCH  =  CH,  -f  CH,.CO,H  =  CjH„CH(p.CO.CH,)  .CH,. 
Pentyl-eUiylene.  Sec.  Heptyl  Acetate. 

(3)  Concentrated  sulphuric  acid  absorbs  them,  forming  ethereal  salts. 
This  is  a  reaction  which  can  be  used  to  change  olefines  into  alcohob 
and  also  to  separate  them  from  paraffins  (see  p.  90). 

(4)  They  form  dihaloids  (see  ethylene)  with  Cl„  Br„  I„  ClI.  These 
can  be  viewed  as  the  haloid  esters  of  the  dihydric  alcohols — the  glycols, 
into  which  they  can  be  converted. 

(5)  They  yield  so-called  chlorhydrins  with  aqueous  hypochlorous  acid.  These 
are  the  basic  esters  of  the  glycols  (see  ethylene). 

(6)  Energetic  oxidation  severs  the  double  union  of  the  olefines. 
Potassium  permanganate  in  dilute  solution  changes  them  to  glycols  (B. 
ax,  1230,  3359). 

The  last  three  reactions  afford  a  means  of  converting  monacid  (monohydric)  alco- 
hols  into  dihydric  alcohols  or  glycols  (see  these).  The  olefines  form  the  part  of  aids 
in  these  changes,  t,  g.  : 

CH,.Br> 


CH,OH  CH, 

CH,  Ch 


v^n,.j5r\ 
^iH^Br  \ 


CH,.OH 
CH,.OH   if  CH,.OH* 


cH,a  / 


(7)  N,0,  and  N^O^  convert  the  olefines  into  nitrosUes  and  niirosates  (see  these). 
They  are  the  nitrites  and  nitrates  of  oximes  of  oxyaldehydes  and  oxyketones.  The 
olefines  can  even  take  up  nitrosylchloride  (B.  za,  169;  37,  455,  R.  467).  The 
resolting  addition  products  are  changed  by  boiling  water,  alcoholic  potash,  and 
ammonia  back  into  the  olefines  (B.  ag,  1550). 

(8^  PolymtriMotion  of  Olefines, — When  acted  upon  by  dilate  sulphuric  add  (B.  29, 
1550),  ainc  chloride,  boron  fluoride,  and  other  substances,  many  olefines  sustain,  even 
at  oidinary  temperatures,  a  poljrmerization,  in  consequence  of  the  union  of  several 
molecules.  Thus  there  result  from  isoamvlene,  C^Hjo:  di-isoamylene,  C,qH,o;  tri- 
iaoamylene,  C,<H,o,  etc.  Butylene  and  propylene  behave  in  the  same  way.  Ethy- 
lene, on  the  other  nand,  is  neither  condensed  by  sulphuric  acid  nor  by  boron  fluoride. 
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The  pol  jmeridcs  act  like  nnsAtnnted  oompomids,  and  contain  a  pair  of  doubly  linked 
carbon  atoms. 

The  nature  of  the  binding  of  the  carbon  atoms  in  polymenatioo  is,  in  all  proba- 
bility, influenced  by  the  different  structure  of  the  alky  lens.  The  manner  of  forma- 
tion and  structnxe  of  the  isodibutylene  produced  from  isobutylene  correspond  to  the 
formulas: 

.  (CH,),C :  CH.  -h  CH,  :  C(CH  J,  =  (CH,),C.CH  :  C(CH,)y 
3  Mols.  Isobutyleoc.  Isodibutylene. 

Tertiary  butyl  alcohol  very  probably  figures  as  an  intermediate  product,  and  after- 
ward unites  with  a  second  molecule  of  isobutylene,  and  condenses  to  isodibutylene 
(compare  p.  gi). 

Although  etnylene  suffers  no  alteration,  yet  its  unsymmetrical  halogen  substitutioa 
products  poljrmerize  very  readily  (see  p.  lo6). 

Below  are  given  the  boiling  points  of  some  of  the  homologues  of 
ethylene.  It  is  most  convenient  to  designate  these  as  alkyl  substitu- 
tion products  of  ethylene. 


Propylene, CH-CH  ==  CH,  —  40®  gaseous. 

Ethyl-ethylene, CH,CH,CH  =  CH,  —    s* 

Sym.Dimethylcthylene,   .   .    .  CH1CH==CH.CH,  +    !« 

Unsym.  Dimethylethylene,  .    .  (CH,),C  =  CH,  —   6« 

Nor.  Propylethylene,     ....  CHjCH,CH,CH  =  CH,  -f  39« 

a-Amylene 

Isopropyl-ethylene, (CH,),CH.CH  =  CH,  +  2I« 

a-Isoamylene 
Sym.  Mcthyl-ethyl-ethylene, .    .  CH,.CH,.CH  =  CH.CH,      -f  36* 

^-Amylene 

Unsym.  Methyl-ethyl-ethylene,  .  CH-.CH,  ,.  ^ ^u  1    -..o 

y-Amylene  CH,  >^  —  ^">  +  3* 

Trimethyl-ethylene, (CH,),C  =  CH.CH,  -f  36«> 

/3-IsoamyIene 

Tetramethyl-ethylene,     ....  (CH,),C  =  C(CH,),  +  73®  (B.  ay,  454). 

Many  other  higher  members  of  this  series  are  known.  Of  these,  trimethyl-ethylene 
or  /3-isoamylene,  pental^  possesses  a  significance,  as  it  is  used  to  produce  temporary 
narcosis,  and  in  the  preparation  of  the  so-called  amyUne  hydrate  or  tertiary  amyl 
alcohol.  )S-Isoamylene  constitutes  the  chief  ingredient  of  the  mixture  of  olefines 
resulting  from  the  action  of  zinc  chloride  upon  the  amyl  alcohol  of  fermentation  (A. 

190.  332). 

HYDROCARBONS,  CnHaii— s. 

Two  groups  of  hydrocarbons  having  this  empiric  formula  exist : 
The  acetylenes  or  alkines  with  triple  linking,  and 
The  allyUnes  with  two  double  linkages. 
The  allylenes  are  also  called  dioUfines.     The  difference  in  structure 
is  clearly  shown  in  their  different  chemical  deportment.     It   is  the 
acetylenes  (with  group  s  CH)  alone  which  have  the  power  of  enter- 
ing into  combinations  in  which  the  hydrogen  of  the  group  =1  CH  is 
replaced  by  metals.     The  names  adopted  for  the  acetylenes  by  the 
^  ""eva  Congress  are  formed  by  substituting  the  ending  **ine"  for 
iding  j^/of  alcohol  radicals  with  like  carbon  content,  hence  the 
tation  alkines. 


I 
I 
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9.  ACETYLENES  or  ALKINBS,  CbHui  — s. 

The  position  of  acetylene,  the  first  member  of  this  series,  among  the 
aliphatic  hydrocarbons  is  very  important.  It  is  the  only  hydrocarbon 
which  has  been  prepared  directly  from  its  elements — hydrogen  and 
carbon.  Some  acetylenes  are  distinguished  by  their /^?2!e^^r  of  polymeria 
tatiouy  when  they  become  simple  aromatic  hydrocarbons. 

Acetylene  \^Ethine\  CH  =  CH. — Acetylene  was  first  observed  by 
Edmund  Davy.  Berthelot  introduced  the  name  acetylene  and  studied 
the  hydrocarbon  carefully. 

(i)     Berthelot  effected  the  synthesis  of  acetylene  by  passing  the 

electric  spark  between  carbon  points  in  an  atmosphere  of  hydrogen 

(p.  76) : 

2C  -f  H,  =  CH  =  CH. 

(2)  It  results,  too,  in  the  decomposition  of  the  carbides  of  the 
alkaline  earths  by  water  (B.  25,  R.  850;  27,  R.  297) : 

C^  ^  ,,  ^      CH       ^       OH 

Since  calcitim  carbide  can  now  be  obtained  without  trouble,  the  method  has  been 
osed  to  make  acetylene  in  quantity.  The  product  is,  hoover,  always  contaminated 
by  phosphine,  which  can  be  i^moTe^  by4yashing  it  with  bromine  water.  The 
great  expectatioi|^  entertained,  that  acetylene  from  calcium  carbide  would  prove  a 
rival  of  gas  from  coal,  have  not  yet  been  realized.  \  * 

(3)  It  may  be  prepared  from  methane  through  the  instrumentality 
of  chloroform,  from  which  chlorine  is  removed  on  heating  it  with 
copper  or  metallic  sodium  (Fittig).  Bromoform,  CHBfi  (B.  25,  R. 
108),  and  iodoform,  CHI,,  are  very  readily  changed  by  silver  or  zinc 
dust  into  acetylene : 

Na       CH 
2CH4 >.  2CHCI, ^  yj  . 

(4)  Formerly  acetylene  was  always  made  from  ethylene  bromide  by 
the  action  of  alcoholic  caustic  potash  (A.  igz,  268).  At  first  the  ethy- 
lene bromide  loses  a  molecule  of  hydrogen  bromide  and  becomes  mono- 
brom-ethylene  or  vinyl  bromide,  which  in  turn  loses  a  molecule  of 
hydrogen  bromide  with  the  production  of  acetylene : 

CHjOH  CH,      Br,      CH,Br  CHBr 

I  ^11      ^f  +KOH=l[        +KBr-fH,0 

CH,  CH,  CHjBr  CH, 

CHBr  CH 


\\  -f-  KOH  =  m        +  KBr  +  H,0. 


:h. 

As  ethylene  is  invariably  obtained  from  ethyl  alcohol  and  sulphuric 
acidy  this  method  allies  acetylene  genetically  with  ethyl  alcohol. 
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(5)  Acetylene  is  further  produced  by  the  electrolysis  of  the  alkali 
salts  of  the  two  isomeric  dicarboxylic  acids — maleic  and  fumaric 
(Kekul*,  A.  131,  85) : 


aiico. 


K      HOiH      CH  H 


jl,  L.       +,     i     =111     +^0,  +  2K0H+  I   (p. 
CHCO.K      HOH      CH  H 


76). 


(6)  It  b  worthy  of  note  that  potassium  aoetylene-monocaiboxyUte  and  sUtct 
acetylene-dicarboxylate  are  readilj  cooTerted,  when  wanned  with  water,  into  car- 
bon dioxide  and  acetylene,  also  silver  acetylide  (A.  27a,  139).  The  stability  of  the 
dicarboxylic  acids  is  very  much  influenced  by  the  manner  of  anion  of  the  caibon 
atoms,  to  which  the  caiboxyl  groups  are  attached. 

CAAg,  =  C,Ag,  +  2COr 

Acetylene  is  further  formed  when  many  carbon  compounds,  like 
alcohol,  ether,  marsh  gas,  methylene,  etc.,  are  exposed  to  intense 
heat  (their  vapors  conducted  through  tubes  heated  to  redness).  Hence 
it  is  present  in  small  amount  in  illuminating  gas,  to  which  it  imparts 
a  peculiar  odor. 

Properties, — Pure  acetylene  is  a  gas  of  ethereal,  agreeable  odor,  and 
may  be  liquefied  2X-\-\^  and  under  a  pressure  of  48  atmospheres.  It 
solidifies  when  rapidly  vaporized  and  then  melts  at  — ^81°.  It  is 
slightly  soluble  in  water ;  more  readily  in  alcohol  and  ether.  It  burns 
with  a  very  smoky  flame  and  with  air  (9  vols.),  but  especially  with 
oxygen  (25^  vols.),  forms  an  exceedingly  explosive  mixture. 

Changes, — Nascent  hydrogen  converts  acetylene  into  CiH*  and 
C,H«.  Ordinary  hydrogen  (2  vols.)  and  acetylene  (i  vol.)  passed 
over  platinum  black  form  C,Hg.  (B.  7,  352).  Acetylene  combines 
with  CIH  and  HI,  forming  CH,CHC1,  and  CH.CHI,. 

Acetylene  reacts  very  energetically  with  chlorine  gas.  It  forms  a  crystalline 
compound  with  SbCl^,  but  heat  changes  this  to  dichlor-ethylene,  CHCl  :  CKCl  and 
SbCl,.     With  bromine  it  forms  C,H,Br,  and  CjHjBr^  (A.  aai,  138). 

In  contact  with  HgBr,  and  other  mercury  salts  acetylene  unites  with  water  to 
yield  aldehyde,  which  is  also  produced  when  acetylene  i»  heated  with  water  to  325^ 
(B.  28,  R.  174). 

In  contact  with  caustic  potash  and  air  it  changes  in  diffused  sunlight  to  acetic  add. 

Acetylene  polymerizes  at  a  red  heat.  Three  molecules  unite  to  one 
molecule  of  benzene^  QH^.  This  is  one  of  the  most  striking  transi- 
tions from  the  aliphatic  to  the  aromatic  series  and  is,  at  the  same  time, 
a  synthesis  of  the  parent  hydrocarbon  of  aromatic  substances  (Ber- 
t  helot). 

This  conversion  will  take  place  at  the  ordinary  temperature  if  acetylene  be  passed 
over  pyrophoric  iron,  nickel,  cobalt,  or  platinum  sponge  (B.  29,  R.  540). 

Uic  Derivatives  of  Acetylene. — ^The  two  hydrogen  atoms  of 
le  can  be  replaced  by  metals.  The  alkali  and  alkaline  earth 
les  are  stable  even  in  the  heat,  but  are  decomposed  by  water 
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with  the  liberation  of  acetylene.  Copper  and  silver  acetylides  when 
dry  are  exceedingly  explosive.  They  are  stable  in  the  presence  of 
water.     Acids  evolve  pure  acetylene  from  them. 

Sodium  acetylides,  CH  =  CNa  and  CNa  ^  CNa. — These  are  prodaced  when 
sodium  is  heated  in  acetylene  gas.  Calcium  acetylide  or  calcium  carbide^  QCa,  is 
formed  when  calcium  oxide  is  reduced  by  carbon  at  a  red  heat  (Wohler,  1862),  and 
when  a  mixture  of  calcium  oxide  and  sugar  carbon  is  heated  in  electric  furnaces  to 
3500^  (Moissan,  B.  27,  R.  238).  It  is  a  homogeneous,  black  fusion  with  a  crystal- 
line fracture.  Drop  fragments  of  calcium  carbide  into  a  tall  glass  cylinder  filled  with 
saturated  chlorine  water,  when  the  liberated  acetylene  will  combine  with  the  chlorine 
with  the  production  of  flame.  Gas-bubbles,  giving  out  light,  rise  in  the  liquid  and 
when  they  reach  the  surface  bum  there  with  a  smoky  flame.  Lithium  carbide, 
C,Li,  (B.  29,  R.  210). 

Silver  acetylide,  C,Ag,,  a  white  precipitate,  and  copper  acetylide,  C^Cu,  (B. 
25,  1097;  26,  R.  608;  27,  R.  466),  a  red  precipitate,  are  formed  on  conducting 
acetylene  into  ammoniacal  silver  or  cuprous  solutions.  The  dry  salts  explode 
violently  when  they  are  heated.  The  silver  salt  even  does  this  when  gently  rubbed 
with  a  glass  rod.  In  a  solution  of  silver  nitrate  acetylene  precipitates  the  compound 
HC  =  CAg.NOgAg  (B.  28,  2108).  Pure  acetylene  is  set  free  by  acids  from  these 
metallic  compounds.  The  copper  salt  serves  for  the  detection  of  acetylene  in  a  mix- 
ture of  gases.  Mercury  acetylide,  C,Hg,  is  thrown  out  as  a  white  precipitate 
from  alkaline  solutions  of  mercuric  oxide.  It  explodes  violently  when  heated 
rapidly.  Acetylene  mercuric  chloride,  C,(HgCl).,  is  precipitated  on  passing 
acetylene  through  solutions  of  corrosive  sublimate,  it  is  not  explosive  (B.  27,  R. 
83,  466). 

Acetylene  Homologues. — The  diolefines  are  isomeric  with  the 
homologues  of  acetylene.  They  contain  a  like  number  of  carbon 
atoms,  e.g.,  allene,  —  CH,  =  C  =  CH„  is  isomeric  with  methyl 
acetylene,  —  CH, .  C  =  CH,  allylene,  and  divinyl,  CH, :  CH  .  CH  : 
CH„  with  dimethyl  acetylene,  CH, .  C  |   C  .  CH,,  crotonylene. 

Its  higher  homologues,  just  like  acetylene,  are  mostly  prepared  from 
the  mono-halogen  and  dihalogen  substitution  products  of  the  olefines, 
the  oUfine  dibromides,  by  the  action  of  alcoholic  potash,  e,  g. ,  from 
CH,Ca=CH,:  allylene;  from  CH, .  CHBr .  CHBr.  CH,:  crotonylene, 
CH,C  =  C  .  CH,.  In  this  manner  a  host  of  higher  acetylene  homo- 
logues have  been  pMp^red  from  the  dibromides  of  the  higher  olefines 
(B.  25,  2243), 

When  heated  to  a  high  temperature  with  alcoholic  potash  the  acetylene  formed 
frequently  sustains  a  transposition  ;  thus,  ethyl  acetylene,  CjH^.C  =  CH,  yields 
dimethyl  acetylene,  CHj.C  =  C.CH„  and  propyl  acetylene,  C,H-.C=CH, 
furnishes  ethyl  methyl  acetylene,  C,1I,  .  C  =  C .  CH,,  etc.  (B.  20,  R.  781).  Sym- 
metrically constituted  bodies  are  formed  from  unsymmetrical  compounds. 

The  reverse  transposition  sometimes  occurs  on  heating  with  metallic  sodium : 
ethyl  methyl  acetylene  passes  into  propyl  acetylene,  and  dimethyl  allene,  (CH,),C 
=  C  =  CH,,  yields  isopropyl  acetylene,  etc.  (B.  21,  R.  177). 

Acetylenes  also  arise  in  the  electrolysis  of  unsaturated  dibasic  acids.  Thus  allyl- 
ene is  formed  in  the  electrolysis  of  the  alkali  salts  of  mesaconic  and  citraconic  acids. 

Acetylene  and  its  homologues  unite  with  hydrogen  to  form  olefines, 
which  in  turn  pass  into  paraffins.     By  adding  the  haloid  acids  or  the 
halogens  the  mono-  and  di-haloid  olefines  are  formed.     The  further 
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addition  of  haloid  acids  and  halogens  to  these  yields  di-^  tri-,  and 
tetra-halogen  substitution  products  of  the  paraffins. 

Hypochlorous  acid  converts  the  alkines  into  dichlor-acetones,  e.  g.^  a-dichlor- 
propyl  methyl  ketone— CH,CH,CCI^ CO. CH.  (B.  a8,  R.  781)— «nd  water  are  obtained 
from  methyl  ethyl  acetylene  and  the  acid :  CsII^C  =  C  .  CH,  -|-  iGOH.  Ketones 
are  formed  when  the  alkyl  acetylenes  are  heated  with  water  to  325^  (B.  27,  R.  750; 
a8,  R.  173). 

A  characteristic  of  all  mono-alkyl-acetylenes,  as  well  as  of  acetylene 
itself,  is  their  power  to  yield  solid  crystalline  compounds  by  the  action 
of  ammoniacal  solutions  of  silver  and  cuprous  salts.  Hydrochloric 
acid  will  again  liberate  the  acetylenes  from  these  salts.  The  behavior 
affords  a  very  convenient  method  for  separating  the  acetylenes  from 
other  gases,  as  well  as  for  obtaining  them  in  a  pure  condition. 

The  acetylenes  are  absorbed  by  concentrated  sulphuric  acid ;  some 
even  polymerize  to  aromatic  derivatives. 

In  the  presence  of  HgBr,  and  other  salts  of  mercury,  (he  acetylenes  can  unite 
with  water.  In  this  way  we  get  from  acetylene,  aldehyde,  C^H^O,  from  allylene, 
CjH^,  acetone,  CLH^O,  from  valerylene,  C^Hg,  a  ketone,  C^HjoO  (B.  14,  1540,  and 
17,  28).  Very  often  moderately  dilute  sulphuric  acid  will  act  in  Uie  same  way  (see 
Allylene). 

The  boiling  points  of  some  of  the  acetylenes  are  as  follows : 

B.  P. 

Allylene,  Methyl-acetylene  [Propine]  CH,C  =  CH  Gas 

Crotonylene,  Dimethyl  Acetylene  [2- Butine]  CH,C  =  CCII,  27-28* 

Ethyl  Acetylene  [3-Butinc]  C^IIjC  =  CH  l^ 

Methyl  Ethyl  Acetylene  [j-Pentine]  C,H.C  =  CCH,  SSS^ 

Norm.  Propyl  Acetylene  [4- Pentine J  n-CjH,C  =  CH  48-49* 

Isopropyl  Acetylene  [3-Methyl-i-Butine]  (CH,),CH  .  C  =  CH  28-29* 

Allylene  and  crotonylene  deserve  consideration,  because  when  brought  in  contact 
with  concentrated  sulphuric  acid  they  pass  into  Sjrmmetric  tHmetkyl  hemMtne  and 
hexamethvl  benzene. 

SCHjC  —  CH ^J-C«H,[i,3,5](CHa)3— Mesitylene. 

3CH3C  =  CCH, >  C,(CH,)j— Hexamethyl  Benzene. 


3.     DIOLEFINES,  CnH8„_,. 

The  diolefines  are  not  capable  of  forming  silver  and  copper  com- 
pounds. They  do  give  precipitates  with  mercuric  sulphate  and  chlo- 
ride in  aqueous  solution  (B.  21,  R.  185,  717;  24,  1692). 

The  *'  Geneva  names"  for  the  diolefines  are  derived  by  inserting  a 
*'di,"  for  the  number  of  double  linkages,  before  the  final  syllable 
**ene** — e.  g,^  [propadiSne]  for  symmetric  allylene. 

The  hydrocarbons  of  this  class  are  numerous.  Some  of  them  are  worthy  of  note 
because  of  their  genetic  relations.     They  are : 
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1.  Allene,  syin.  allylene  [I^padi£oe]     CH|=C=CH,  Gas 

2.  Divinyl,  Erythrene  [i,  3-Butadi€ne]  CH,=CH— CH=CH,  Gas 

PyiTolylcne 

3.  Piperylcne  [ I,  4-Pentadienc]  CH,=CH— CH,— CH=CH,  42® 

4.  Isoprenc  CH,=CH— C(CH,)=CH,  (?)  35« 

5.  Diallyl  [i.  5  Hexadiene]  CH,=CH-CH,— CH,— CH=:CH,  59.30 

6.  Conylcnc  [1,  4-Octadiene]     CH,=CH— CH,— CH=CH.CH,.CH,.CH,  I26<». 

Symmetric  allylene  has  been  obtained  by  the  electrolysis  of  potassium  itaconate 

(p.  76). 

Divinyl,  Erythrene,  or  Pyrrolylene  is  found  in  compressed  illuminating  gas, 
and  serves  as  the  starting -out  material  for  the  sjmthesis  of  erythrol,  which  yields  it 
on  boiling  with  formic  acid.  It  is  called  pyrrolylene  because  it  is  formed  in  the 
breaking  down  of  pyrrolidine  or  tetra-hydropyrrol  (see  this)  (B.  19,  569). 

Piperylene  and  Conylene  are  formed  in  the  same  manner  from  piperidine  (see 
thb)  and  conilne  (see  this)  (B.  14,  665,  710). 

Isoprene,  a  distillation  product  of  caoutchouc,  is  closely  related  to  the  terpenes. 
It  is  called  a  hemiierpene^  and  by  spontaneous  polymerization  passes  into  dipentene 
or  cinene,  and  then  twck  into  caoutchouc  (B.  25,  R.  644). 

Diallyl  is  formed  from  allyl  iodide  by  means  of  sodium  (see  hexyl-erythrol). 


4.    OLEFINACETYLENES. 

By  this  name  are  understood  the  hydrocarbons  containing  both  doubly  and  trebly 
linked  pairs  of  carbon  atoms  in  their  molecules.  Many  of  them  are  known,  but 
none  deserve  special  consideration. 


5.    DIACETYLENBS,   CnH2._f. 

Diacetylene,  HC  •  C.C  |  CH,  is  formed  from  diacetylene  dicarbonic  acid.  It 
is  a  gas  that  yields  a  yellow  precipitate  with  an  ammoniacal  silver  solution.  The 
two  hydrocarbons,  dipropaxgyl  and  dimethyl-di-acetylene,  are  isomeric  with  benzene. 

Dipropargyl,  CH  •  C .  CH, .  CH, .  C  •  CH,  is  formed  on  warming  solid  crystal- 
line diallyltetrabromide,  QgHi^Br^  wim  KOH.  It  is  a  very  mobile  liquid,  of  penetrat- 
ing odor,  and  boiling  at  85^.  It  forms  copper  and  silver  derivatives.  If  dipropargyl 
be  allowed  to  stand,  it  becomes  resinous.       

Dimethyl  Di-acetylene,  CH,.C=C.C  =  C.CH,,  has  been  obtained* from  the 
copper  derivative  of  allylene.    It  melu  at  64°  and  boils  at  130^  (B.  20,  R.  564). 


HALOOEN  DERIVATIVES  OP  THE  HYDROCARBONS. 

The  halogen  substitution  products  result  from  the  replacement  of 
hydrogen  in  the  hydrocarbons  by  the  halogens.  In  the  discussion  of 
the  methods  of  formation  and  the  transpositions  of  the  saturated  and 
unsaturated  aliphatic  hydrocarbons,  their  haloid  derivatives  were  con- 
stantly encountered.  We  have  also  learned  the  methods  of  producing 
these  alkylogens,  proceeding  from  the  hydrocarbons.     They  are : 

(i)  Formation  by  the  direct  substitution  of  the  limit  hydrocarbons.  It 
was  emphasized  in  the  case  of  methane  (p  82)  and  ethane  (p.  83) 
that  these  hydrocarbons,  usually  so  very  stable,  were  attacked  by 
chlorine.     A  molecule  of  hydrogen  chloride  is  produced  for  every 
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hydrogen  atom  replaced  by  chlorine,  until  the  entire  hydrogen  con- 
tent is  substituted.  Methane,  CH4,  yields  tetra-  or  perchlormethane, 
CCI4,  while  ethane  gives  heza-  or  perchlorethane,  C,C1«. 

The  action  of  cUorine  is  accdermtcd  by,  and  yery  often  also  dependent  upon, 
direct  sanUghl  or  the  presence  of  small  quantities  of  iodine.  It  is  the  IC1,,  which 
arises  in  the  latter  case,  that  facilitates  the  reaction.  SbCl^  also  plays  the  r6]e  of  a 
chlorine  cairier,  since  apon  heating  it  yields  SbCI,  and  2Q.  In  very  energetic 
chlorination  the  carbon  chain  is  raptured  (B.  8,  1296;  10,  801). 

The  final  products  are  CC\^  and  hexa<  or  perchloibenzene,  QCL,  with  perchlor- 
ethane,  0,0^,  and  perchlofmesole,  QCIf,  as  intermediate  products  (B.  24,  loii). 

Heat  hastens  the  action  of  bromine.  Its  action  is  also  accelerated  by  sunlight  or 
with  AlBr,  as  a  carrier. 

Iron  is  an  excellent  carrier  of  chlorine,  bromine,  and  iodine.  Its  action  seems  to 
be  due  to  the  formation  and  decomposition  of  compounds  with  ferric  halides  (A. 
335,  196;  a3Z,  158).  When  iron  is  used  as  a  bromine  carrier  every  normal  hydro- 
carbon passes  into  that  bromide,  which  contains  just  as  many  bromine  atoms  as  it 
has  carbon  atoms  ( B.  a6,  2436) ;  a  btomine  atom  attadies  itself  to  each  carbon  atom. 

Usually  iodine  does  not  replace  well,  inasmuch  as  the  final  iodine  products  sustain 
reduction  through  the  hydriodic  acid  formed  simultaneously  with  them : 

C,H,I  +  HI  =  C,H,-fIr 

In  the  presence  of  substances  (like  HIO,  and  HgO)  capable  of  uniting  or  decom- 
posing HI,  iodine  frequently  effects  substitution : 

5C,H,  +  2I,  +  IO,H  =  sC,H,I  -h  3H,0 
2C,H,  -f  21,  H-  HgO  =  2C,H^I  4-  H,0  -f  Hgl,. 

In  direct  substitution  a  mixture  of  mono-  and  poly-substitution  products  generally 
results,  and  these  are  separated  by  fractional  distillation  or  crystallisation. 

(2)  The  unsaturated  aliphatic  hydrocarbons,  the  olefines  (p.  93) 
and  acetylenes  (p.  98)  add  hydrochloric,  hydrobromic,  and  especially 
hydriodic  acids.  The  haloid  acid  is  dissolved  in  glacial  acetic  acid 
(B.  iXy  1 221),  or  it  is  applied  in  concentrated  aqueous  solution. 

(3)  The  free  halogens  are  absorbed  by  the  unsaturated  hydrocarbons 
with  more  avidity  than  the  haloid  acids  (p.  89). 

Two  additional  reactions  (already  indicated  in  the  preceding  re- 
marks as  existing)  proceed  from  oxygen-containing  aliphatic  deriva- 
tives to  halogen  substitution  products : 

(4)  Replacement  of  the  hydroxyl  groups  of  the  alcohols  by  fluorine, 
chlorine,  bromine,  or  iodine  by  means  of  the  haloid  acids  or  by  means 
of  the  phosphorus  halides  (p.  116). 

(5)  By  the  action  of  phosphorus  pentachloride  and  phosphorus 
chlorbromide,  or  phosphorus  pentabromide  upon  aldehydes  and 
ketones. 

These  last  methods  of  formation  will  be  more  thoroughly  discussed 
under  the  individual  groups  of  halogen  substitution  products. 

Transpositions  of  the  Halogen  Derivatives. — The  iodine 

derivatives  of  the  halogen  substitution  products  are  the  most  unstable. 

light  they  xapidly  acquire  a  red  color,  with  the  separation  of 
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iodine.     The  chlorides  and  bromides,  rich  in  hydrogen,  bum  with  a 
green-edged  flame  (p.  24). 

(i)  Nascent  hydrogen  (zinc  and  hydrochloric  acid  or  glacial  acetic 
acid,  sodium  amalgam  and  water)  can  reconvert  all  the  halogen  deriv- 
atives, by  successive  removal  of  the  halogen  atoms,  into  the  corre- 
sponding hydrocarbons  (p.  83) : 

CHa,  +  3H,  =  CH4  +  3Ha. 

This  change  is  called  a  retrogressive  substitution. 

(2)  Alcoholic  sodium  and  potassium  hydroxides  occasion  the  split- 
ting off  of  an  halogen  hydride,  and  the  production  of  unsaturated 
compounds  (p.  91) : 

CH, .  CH, .  CHjBr  -f-  KOH  =  CH, .  CH :  CH,  -|-  KBr  -f  H,0. 
Propyl  Bromide.  Propylene. 

In  this  reaction  the  halogen  attracts  to  itself  the  hydrogen  of  the  least  hydrogen- 
ized  adjacent  carbon  atom  (compare  p.  93).  Sach  a  splitting  sometimes  occurs  on 
apptication  of  heat. 


A.    HALOGEN  PARAFFINS. 

X.  ICONOHAIXXIEN  PARAFFINS,  ALKYLOOENS,  ALKYL  HALIDES, 

These  are  genetically  connected  by  reactions  to  the  alcohols,  which 
are  almost  always  employed  in  their  preparation.  It  is  impossible  to 
obtain  mono-iodo-paraffins  by  direct  substitution.  On  comparing  the 
formulas  of  the  alkylogens  with  those  of  the  halogen  hydrides, 

HFl  Ha  HBr  HI  H.OH 

C^H^n        CjH^a        CjHjBr        CjH^I        CjHj.OH 

it  will  be  seen  that  they  can  be  regarded  as  haloid  acids,  in  which  the 
hydrogen  atoms  have  been  replaced  by  hydrocarbon  residues.  As  the 
latter,  together  with  the  water  residue,  constitute  the  monohydric  (mon- 
acid)  alcohols,  they  are  called  alcohol  radicals  ox  alkyls.  Acids,  the 
hydrogen  of  which  is  replaceable  by  metals,  yield  acid  esters  when 
alcohol  radicals  are  substituted  for  that  hydrogen.  The  monohalogen 
alkyls  are  therefore  discussed  as  haloid  esters^  at  the  head  of  the  acid 
esters  of  the  monacid  alcohols. 


3.    DIHALOOEN   PARAFFINS,  C.Hta^,. 

(a)  Dihalogen  paraffins,  where  two  halogen  atoms  are  attached  to 
two  different  carbon  atoms,  may  be  viewed  as  the  haloid  esters  of 
diacid  paraffin  alcohols  or  glycols.  They  can  be  derived  from  these 
and  will  be  considered  together  with  them : 
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CHJCl  CH,.OH  .CILBr  .CILOH 

I  I  CH,/  CH,/ 

^^^^  _ .  V^-PH  \CH,Br  ^CH^OH 


Ethylene  Chloride.      Ethylene  Glycol.  Trimethyl 

^omiae.  GlycdL 

(^)  Dihalogen  paraffins,  the  two  halogen  atoms  of  which  are  attached 
to  the  same  carbon  atom,  may  be  termed  aldehydekoHdes^  if  the 
carbon  atom  is  terminal,  and  ketone-halideSy  when  the  carbon  atom 
occupies  an  intermediate  position.  Indeed,  these  compounds  can  be 
obtained  from  the  aldehydes  and  ketones  by  means  of  phosphorus 
halides.  They  will,  therefore,  be  discussed  i^er  the  aldehydes  and 
the  ketones : 

CHCl,  CHO  .CH,  XH, 

^  cor 


CH,  CH,  \CH, 


^CH, 
EthylideneCZhloride        Acetaldehyde.    Acetone  Chloride  Acetone. 

Aldehyde  Chloride.  /l-Dichlor-prop«ne. 

It  must  be  remarked  here  that  the  unsymmetric  ethane  dihalides — 
€.  g* ,  9^s  *  CHCl,,  ethylidene  chloride — have  lower  boiling  points 
and  lower  specific  gravities  than  the  corresponding  symmetric  iso- 
merides, — e.g.y  ethylene  chloride,  CH,C1  .  CH,C1- 


3.    PARAFFIN  POLYHALIDK8. 

The  paraffin  polyhalides,  containing  but  one  halogen  atom  to  each 
carbon  atom,  will  be  discussed  after  the  corresponding  polyacid 
paraffin  alcohols. 

The  simplest  and  most  important  representatives  of  the  paraffin 
trihalides,  in  which  three  halogen  atoms  are  attached  to  the  same 
carbon  atom,  are  the  methane  trihalides : 

CHQ,  CHBr,  CHI, 

Chloroform.  Bromofonn.  Iodoform. 

They  are  so  intimately  related  to  formic  acid  and  its  derivatives 
that  they  will  be  considered  after  this  acid. 

The  most  important  paraffin  tetrahalidts  are  the  methane  tetrahalides. 
They  bear  the  same  relation  to  carbonic  acid  that  the  methane  tri- 
halides sustain  to  formic  acid.  They  will,  therefore,  be  treated  after 
carlx^ic  acid : 


.  CFI, 

ca^ 

CBr^ 

CI. 

Methane 

Methane 

Methane 

Methane 

Tetrafluoride. 

Tetrachloride. 

Tetrabromide. 

Tetraiodide 

impounds  are  also  called  methane  perhalides,  to  indicate 
\ydrogen  in  them  is  completely  replaced  by  halogens. 
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PolyhaUde  Ethanes. — The  following  table  contains  the  boiling  points 
of  the  known  polychlor-  and  polybrom-ethanes : 


Name. 

Formula. 

M.P. 
187® 

B.  P. 

Formttla. 

M.P. 
54° 

B.P. 

ViDyl  Trichloride 
/S-Trichlor-ethane 

Rtheoyl  Trichloride 
a-Trichlor-ethane 
Methjl  Chloroform 

CHCl, 
CH,C1 

ca, 

CH, 

II4*> 
74.5* 

CHBr, 
tHjBr 

i87-i88»' 

Acetylene  Tetrachloride 
Sjrmmetncal 

Acetylideoe  Tetrachloride 
Unsymmetrical 

CHCl, 
tHCl, 
CO, 
CHjCl 

147** 
129-I30*> 

CHBr, 
tHBr, 
CBr, 
CH,Br 

I02» 

(12  mm.) 

105** 
(13.S  mm.) 

PeDtachlor-ethane 

CCl, 
CHCl, 

1590 

CBr, 
CHBr, 

decomposes 

Perchlor-ethane 

CCl, 
CCl, 

sublimes 

CBr, 
tBr, 

decomposes 
at3oo-2ioP 
without  de- 
composition. 

For  the  relations  existing  between  the  boiling  points  and  specific  volumes  of  the 
halogen  substitution  products  of  the  ethanes,  see  B.  15,  2559.  As  to  the  refractive 
power  of  the  brominated  ethanes,  see  Z.  phjrs.  Ch.  2,  236. 


The  polychlor-  and  polybrom-ethanes  have  few  genetic  relationships 
with  the  oxygen  compounds  corresponding  to  them.  The  methods  of 
formation  and  the  transpositions  of  the  polysubstituted  ethanes  are 
most  intimately  related  to  the  methods  of  formation  and  the  trans- 
positions of  the  halogen  substitution  products  of  the  ethylenes  and 
acetylenes,  a  tabular  view  of  which  will  be  given  in  the  following 
section.     They  will,  therefore,  precede  the  discussion  of  the  latter. 


It  may  be  merely  mentioned  here  that  by  the  action  of  chlorine  upon  ethyl 
chloride  and  ethylidene  chloride  in  sunlight  methyl-chloroform  or  a-trichlor-etham, 
CH,Ca„  will  be  produced,  together  with  vinyl  trichloride,  CHXl .  CHCl,.  The 
further  action  of  chlorine  upon  the  trichloretbanes  produces:  CH,C1 .  CCl,,  CHC1,.CC1,, 
perchlor-ethane,  CQ, .  CCl,.  CHCl, .  CHCL  is  formed  from  acetylene  dichloride  and 
chlorine,  as  well  as  from  dichloraldehyde  by  means  of  phosphorus  pentachloride 
(B.  15,  2563).  Only  methyl  chloroform,  CH, .  CC1„  related  to  acetic  acid  the  same 
as  chloroform  is  to  formic  acid,  will  be  further  described,  together  with  the  chlorides 
of  the  faXtf  acids. 

Perchlor-ethane,  C,Clg,  is  a  crystalline  mas^  with  a  camphor-like  odor.  Its 
specific  gravity  equals  2.01.  It  melts  at  187-188^  (corr.).  It  sublimes  at  the  ordi- 
nary pressure,  as  its  critical  pressure  lies  below  760  mm.  It  boils  at  185.5°  under  a 
pfeasure  of  776.7  mm.     When  its  vapors  are  conducted  through  a  tube  heated  to 
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■n  -■%  Md  fr^iUntkyltnt.     It  yield*  the  tatter  eooipociid 

i*>.  Bix  ret  been  prepared. 

*-'HEJt,.CHBr^  is    obuioed   fintn  acetylene    aod 

;  ^-uaTcn  it  IDIO  acclyleiM  dibromide  (A.  ui,  141), 

aiyc  K  mio  antkraimt  (Me  IhU.) 

a  .-viorleia,  crystalliiw  compoond,  diuolnng  with  diffi- 

i.  3RUS  dii*n  It  200°  into  bmmne  and  ptrhrviHtikyltmt, 


)i  ,-*«9  are  possible  for  trisubslituted  propane.  The  most 
iv-*  ^itn Olives  have  the  structure  CH,X.CHX.CHJC 
■.■c  i*«rol,  CH^OH).CH{OH).CH^OH).  They 
u  jjtcf  the  latter. 

tdim  PrtJMtIs  ,f  lit  Paraffin,.— There  are   nuroeroiD 
M  halogens  side  1^  side  ia  the  same  molecule. 


^V    S AL^yiEN  DERIVATIVES  OF  THE  OLEFINES. 

V  ,  ^vh.-'v  tS:iiS'  **•*  halogen  substitution  products  of  the  unsat- 
^^  ,* ,  '..vi'  -.vti*  cannot  be  prepared  by  direct  action  of  the  haio- 
^  .^V  ^;o.:i'.'»  products  arc  apt  to  result  (p.  89).  They  are 
"  ^vv ,  K-«v-»cr,  by  the  moderated  action  of  alcoholic  potash, 
■.  .  ■^•n  the  disubstituted  hydrocarbons  C.H^X,.  This  re- 
"7   vv.is  ^*iy  readily  if  we  employ  the  addition  products  of 

K\\\.<X  +  KOH  =  C,H,Cl  +  KCl  +  H,0. 

fc-Avfti..  Monoctitor- 

i.-Uorlde.  ttbyltoe. 

ts  very  energetically,  the  hydrocarbons 

led  (p.  95).     Being  unsaturated  com- 

tlirccily  with  the  halogens,  and  also  the  hydrides  of 


CH,Bt 
CHBr,  ' 


low,  by  the  addition  of  bromine  and  the  split- 
amine  substitution  derivatives  of  the  ethane* 
elbylene  bromine  derivatives,  and  with  acety- 
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105 


CH=CH-<- 


— HBr 


4 

C 


CHBr  =  CHBr-. 

M 
U 

I 

CHBr,.CHBr, 


CH=CBr-<- 


u 
flQ 

X 

I 


+  HBr 
CH,=CH, >-  CH,.CH,Br 

—HBr 
-CH,=CHBr-< CH,Br.CH,Br 


—HBr        -^ 
CHBr=CBr,K- CH,Br.CBr, 


CBr,.  CBr,. 


Vinyl  Chloride,  CH,=:CHQ,  and  Vinyl  Bromide,  CH,  =  CHBr,  are 
obtained  from  ethylene  chloride  and  ethylene  bromide  by  the  action  of  alcoholic 
potash,  which,  bj  continued  action  upon  them,  produces  acetylene.  The  group 
CH,  =  CH  —  is  called  vinj^L 

The  boiling  points  of  the  chlorinated  and  brominated  eihyUnes  are  given  in  the 
following  table : 


Formula. 

B.  P. 

Formula. 

B.  P. 

Vinyl  Chloride,  Monochlor- 

ethylene, 

CH,  —  CHQ 

— 18» 

CH,  —  CHBr 

-|-i6» 

Acetylene  Dichloride,  sym. 

Dichlorethylene,  .... 

CHCl  =  CHCl 

+55** 

CHBr  =  CHBr 

110° 

Acetylidene        Dichloride, 

unsym.   Dichlorethylene, 

CH,  =  CCL 
CHCl  —  CCl, 

+37* 

CH,  —  CBr, 
CHBr  —  CBr, 

910 

Trichlor- ethylene,   .... 

88° 

164° 

Tetrachlor- ethylene.      Per* 

M.  P. 

chlor-ethylene,     .... 

CCl,  =  CCl, 

121** 

CBr,  =  CBr, 

53** 

Tetra-iodo-ethylene 

(B.a6,R.  289;  29,1411), 

«       •       • 

•      •      • 

CI,  =  CI, 

187° 

-  Consult  A.  221,  156,  for  the  boiling  point  relations  of  the  brom-ethanes  and  brom- 
ethylenes.  The  gnsymmetrical  compounds,  CH,  =  CHCl,  CH,  =  CH  Br,  CH,  =  CCl, 
'  and  CH|=:CBi^,  polymerize  quite  easily  (B.  12,2076).  CH,=CBr,andCHBr=CBr, 
yield  CH^r.cfOBr,  hrom-acetyl  bromide,  and  CHBr,COBr,  dibrom-acetyl  bro- 
mide (B.  16,  2919 ;  21,  3356)  with  oxygen.  Ozonized  air  converts  perchlorethylene 
into  phosgene,  COCl,,  and  tnchloracetyl  chloride  (B.  27,  R.  509).  Consult  A.  235, 
150,  299,  for  the  action  of  AlCI,  on  polybrom-ethanes  and  ethylenes,  in  the  presence 
of  benzene. 

See  B.  26,  R.  18,  19,  for  the  addition  of  iodine  to  acetylenes. 


I 
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Three  different  mono-halogen  products  are  derived  from  propylene,  CH.  —  CH- 
=  CH, : 

(l)CH,  — CH  =  CHX    (2)  CH,  —  CX  =  CH,    (3)  CH,X  —  CH  =  CH^ 
o-Derivatives.  /i-Derivatives.  y-Derivat!ves. 

(1)  The  a-derivatives  are  obtained  from  the  propylidene  compounds,  CH,. 
CH,.CHX,  (from  propyl  aldehyde),  when  the  latter  are  heated  with  alcoholic  potas- 
sium hydroxide. 

(2)  The  i^-deriyatiTes,  CHg.CXiCH,,  are  prepared  in  pure  condition  from  the 
halogen  compounds,  CH,.CX,.CH,  (p.  102),  derived  from  acetone. 

(3)  The  /'-derivatives  of  propylene,  CH,X  —  CH  =  CH„  are  des- 
ignated Allyl  haloidsy  because  they  correspond  to  allyl  alcohol, 
CH,:CH.CH,OH.     They  will  be  described  after  the  alkylogens. 

C.     HALOGEN  ACETYLENES. 

Acetylene  Chloride^  C,iICl,  has  been  obtained  from  dichlor-acrylic  acid,  CCL  = 
CH.COjH,  by  the  action  of  baryta.     It  is  an  explosive  gas  (A.  203,  88 ;  B.  23,  3783). 

Acetylene  Bromide^  C^HHr,  obtained  from  the  dibromide  by  means  of  alcoholic 
potash,  is  a  gas,  inflaming  in  air  contact. 

Acetyltne  Iodide ^  C,HI,  b  formed  on  boiling  potassium  iodoproporgylate  with 
water  (B.  x8,  2274). 

Acetylene  Di  iodide ^  C,!,,  b  produced  when  iodine  acts  upon  silver  acetylide. 
It  melts  with  decomposition  at  78^.  It  changes  largely  to  ethylene  tetraiodide 
(B.  29,  141 1)  in  the  light  or  when  it  is  heated. 

The  halogen  acetylene  derivatives  polymerize  more  easily  than  acetylene  itself. 
The  products  are  in  part  benzene  derivatives :  monobrom-acetylene  yields  tribrom- 
benzene. 

3CH  =  CBr  =  C,H,Br, ;  3CH  =  CI  =  0,^,1, ;  3CI  =  CI=q,V 
Tribrom-benzene.  Tri-iodo-benzene.        Heza-iodo4>enzene. 

PerchlormesoU,  Qf\  =  CC1..C  =  C.CCl,  (?)  or  CCl,  =  CCl  —  CO  =  CCl,  (?), 
may  be  mentioned  here.  It  frequently  appears  in  exhaustive  chlorinations.  It 
melts  at  39°  and  boils  at  284°  (B.  xo,  804;  compare  B.  22,  1269). 

OXYGEN  DERIVATIVES  OP  THE  METHANE  HYDROCARBONS. 

We  became  acquainted  with  the  simplest  linkings  of  the  carbon  atoms 
in  studying  the  aliphatic  hydrocarbons  and  their  halogen  substitution 
products.  The  derivatives  next  in  order  are  the  oxygen  compounds. 
They  furnish  further  cause  for  the  classification  of  the  carbon  com- 
pounds. We  may  consider  them  as  formed  from  the  aliphatic  hydro- 
carbons by  the  substitution  of  the  univalent  water  residue — the  hydroxy! 
group— OH,  for  hydrogen. 

But  one  or  several  hydroxy  1  groups  attach  themselves  to  each  carbon 
atom.  In  the  first  instance  alcohols  result.  These  are  neutral  com- 
pounds, closely  related  in  many  resi)ects  to  water.  Alcohols,  .accord- 
ing to  the  number  of  hydroxyl  groui)s  present  in  them,  are  classified 
as  mono-,  di-,  tri-,  and  poly-hydric,  l)ecause  in  the  alcohols  with  one 
hydroxyl  a  univalent  radical,  and  in  those  with  two  hydroxyls  a  biva- 
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lent  radical,  etc.,  is  in  union  with  the  water  residues.     Therefore,  the 

simplest  monohydric  alcohol  contains  one  carbon  atom,  the  simplest 
dihydric  alcohol  two  carbon  atoms,  etc.,  as  indicated  in  the  following 
arrangement : 

CH^  CH, .  OH    Methyl  Alcohol^  the  simplest  moDohydric  alcohol. 

CH,  CH, .  OH 

I  I                   Ethylene  Glycol^  the  simplest  dihydric  alcohol. 

CH,  CH, .  OH 

CH,  CH, .  OH 

(JH,  CH  .  OH     Glycerol,  the  simplest  trihydric  alcohol. 

CH,  CH, .  OH 

CH,  CH, .  OH 

CH,  CH  .OH 

I  I                   Erythrolf  simplest  tetrahydric  alcohoL 

CH,  CH  .OH 

CH,  CH, .  OH 

CH,  CH, .  OH 

CH,  CH  .OH 

CH,  CH  .  OH    Arabite,  the  simplest  pentahydric  alcohol. 

CH,  CH  .OH 

CH,  CH, .  OH 

CH,  CH, .  OH 

CH,  CH  .  OH 

Oh,  CH  .  OH 

I  I                 Mannitol,  the  simplest  hexahydric  alcohol. 

CH,  CH  .OH 


cfn,  CH  . 

CH,  CH, . 


OH 
OH 


Or,  hydrogen  atoms  attached  to  the  same  carbon  atom  of  hydro- 
carbons are  replaced  by  — OH  groups.  In  such  cases  experience 
teaches  that,  with  rare  exceptions,  water  splits  off,  and  oxygen  unites 
itself  with  its  full  valence  to  carbon.  The  following  possibihties  then 
arise :  Two  hydroxyl  groups  replace  two  hydrogen  atoms  of  a  terminal 
CH,-group,  or  of  an  intermediate  CH,-group ;  three  hydroxyl  groups 
replace  three  hydrogen  atoms  of  a  terminal  CH|- group;  water  then 
always  separates,  e.  g. : 
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CH,       CH,  CH, 

CH,      CH,  CH, 

Three  new  classes  of  oxygen  derivatives  are  formed  : 
(i)  Compounds  containing  the  group  — C^^  :  Aldehydes.    The 
group  — C^^  is  called  the  aldehyde  group. 

(2)  Compounds  containing  the  group  =C=0  in  union  with  two 
carbon  atoms :  Ketones.  The  group  =C0  is  known  as  the  keto-  or 
ketone  group.  /OH 

(3)  Compounds  containing  the  group — ^C^       :   Carboxyiic  acids. 

c=o 

The  group  —  \       is  called  carboxyl.    The  alcohols,  aldehydes,  and 

ketones  are  neutral  substances.     The  carboxylic  acids  are  pronounced 
acids.     They  form  salts  in  the  same  manner  as  the  mineral  acids. 

Aldehydes,  ketones,  and  carboxylic  acids  are  most  intimately  related 
to  the  mon  acid  alcohols.  They  are  the  oxidation  products  of  alcohols, 
and  will  be  discussed  after  them.  Unsaturated  hydrocarbons,  in  like 
manner,  yield  unsaturated  alcohols,  aldehydes,  ketones,  and  carboxylic 
acids.  As  a  rule,  the  unsaturated  derivatives  will  receive  attention 
after  the  saturated  compounds  corresponding  to  them;  f.  ^.,  the  unsat- 
urated alcohols  will  follow  the  saturated  alcohols. 

Similarly,  an  almost  endless  series  of  oxidation  products  attaches 
itself  to  the  di-,  tri-,  and  poly-hydric  alcohols.  These  have  the  same 
oxygen-containing  atomic  groups,  as  the  monohydric  alcohols  and 
their  oxidation  products,  and  at  the  same  time  several  in  the  same 
molecule.  The  multiplicity  grows  rapidly.  It  will  be  seen  later  that  - 
nine  classes  of  oxidation  products  may  be  derived  from  the  dihydric 
alcohols  or  glycols. 

The  foregoing  deTelopment  of  the  connection  of  aldehydes,  ketones,  and  caib- 
oxylic  acids  must  be  completed  with  methane.  Let  us  suppose  in  this  case  that  the 
four  hydrogen  atoms  are  replaced  by  hydroxy!  groups.  The  exit  of  two  molecules 
of  water  would  then  be  possible,  and  carbon  dioxide,  the  anhydride  of  two  acids 
not  capable  of  existence  (orthocarbonic  acid  and  ordinary  metacarbonic  acid)  would 
^oed.     The  carbonates  are  derived  from  the  meta  acid. 

/H  /OH                                OH                            jn, 

\M  p'^OH                         OlOH                      r^ 

^H  >^OH                           II                                %^ 

\H  ^^H                          O                                  ^^ 

thane  <•  Acid.  MeUcarbonic  Acid.  Carbon  Dioxide. 
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The  carbonates  are  salts  of  a  dibasic  acid.  Therefore,  carbonic 
acid,  with  its  numerous  derivatives,  will  be  discussed  before  the  dicarb- 
oxylic  acids,  the  final  oxidation  products  of  the  diacid  alcohols  or 
glycols,  whose  simplest  representative  is  oxalic  acid. 


III.  THE  MONOHYDRIC  ALCOHOLS  AND   THEIR  OXIDATION 

PRODUCTS. 

I.    MONOHYDRIC  ALCOHOLS. 

The  monohydric  alcohols  contain  one  hydroxyl  group,  OH ;  bi- 
valent oxygen  links  the  univalent  alcohol  radical  to  hydrogen : 
CH, .  O .  H,  methyl  alcohol.  This  hydrogen  atom  is  characterized  by 
its  ability,  in  the  action  of  acids  upon  alcohol,  to  exchange  itself  for 
acid  residues,  forming  compound  ethers  or  esiers,  corresponding  to  the 
salts  of  mineral  acids : 

CjHj.OH  +  NO,.  OH  ==  C,H..  O.  NO,  +  H,0. 
Ethyl  Alcohol.  Ethyl  Nitrate  or 

Nitric  Ethyl  Ester. 

Alkyls  and  metals  can  also  replace  the  hydrogen  in  alcohol : 

C,Hj .  O .  CH,  CHj .  ONa. 

Ethyl-methyl  Ether.  Sodium  Ethylate. 

Structure  of  the  Monohydric  Alcohols. — ^The  possible  iso- 
meric alcohols  may  be  readily  derived  from  the  hydrocarbons.  There 
is  one  possible  structure  for  the  first  two  members  of  the  normal 
alcohols: 

CH, .  OH  C,H, .  OH. 

Methyl  Alcohol.  Ethyl  Alcohol. 

Two  isomerides  can  be  obtained  from  propane,  CjH,  =  CH, .  CH, . 
CH,: 

CH, .  CH, .  CH, .  OH    and    CH,.  CH(OH)  .  CH,. 
Pr<^yl  Alcohol.  Isopropyl  Alcohol. 

Two  isomerides  correspond  to  the  formula  C4H,o  (p.  43)  : 

CH,.CH,.CH,.CH,    and    CH(CH,),. 
Normal  Butane.  Isooutane. 


Two  isomeric  alcohols  may  be  obtained  from  each  of  these : 

CH, 

in, 

I  /CH,  /CH, 

CH  .  OH       CHf<:H,  .  OH       and  C(0H)A:H, 


CH, 

CH, 

I  and 

CH, 


OH 


.  CH, 


^CH,  \CH, 


Primary  Butyl        Secondary  Butyl      Prim.  Isobutyl  Tert.  Isobutyl 

Alcohol.  Alcohol.  Alcohol.  Alcohol. 

An  excellent  method  of  formulating  the  alcohols  was  introduced  by 
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k  .:ii.,  lit  tHdv  ^\.  llSi  307;  133,  to3).  He  regarded  sU  alcohols  as 
.II  iii-tiitia  ft  meihy)  alcohol.  Tor  which  he  proposed  the  aune  ^ar- 
,': •).'.,  Mwi  lumiMTed  the  alcohob,  formed  by  the  replacement  of  hydro- 
y,,  u,  not  in  union  with  oxygen,  by  alcohol  radicals  with  the  primary, 
Htoiiilury,  and  tertiary  amines,  resulting  from  the  replacement  of 
the  hydrogen  in  ammonia  by  aJcohol  radicals.  With  this  view  as  a 
liasis,  Kolbe  predicted  the  existence  of  secondary  and  tertiary  alco- 
holi.  Their  fiist  represenUtive  was  discovered  shortly  afterward. 
By  the  replacement  of  one  hydrogen  atom  in  carbinolbyalkyls(p.  57) 
xhe/rimary  aUohoU  result : 


CH, 
~CH,.0 


If  the  replacing  group  possesses  normal  structure,  the  primary  alco- 
hols are  said  to  be  normal.  In  alcohols  of  this  class  the  carbon  atom 
carrying  the  hydroxyl  group  has  two  additional  hydrogen  atoms  (they 
contain  the  group — CH,.OH).  Hence  compounds  of  this  variety 
may  very  easily  pass  into  aldehydes  (with  group  COH)  and  acids  (with 
COOH  group)  on  oxidation  (see  p.  108) : 


i„.., 


CH, 

COH 
Aldebydc. 


COOH 


The  secondary  alcohols  result  when  two  hydrogen  atoms  in  carbinol, 
CH, .  OH,  are  replaced  by  alkyls : 


limcttayl  Carbincd, 


CH.Ot 
Alcofaol. 


C^H.       S"» 
™<  =  t\\  .  O 

.  °"      Ah. 

Jl-melhyl  Cubinol,  < 
lobutyl  Alcohol. 


In  alcohols  of  this  class  the  carbon  atom  carrying  the  OH  group 
has  but  one  additional  hydrogen  atom.     (They  contain  the  group 
,    _„  -      .  ,      irresponding  aldehydes  and  acids, 

(p.  108): 

CH,         CH, 
CH,     =  ■     >CO 
CH, 


atoms  in  carbinol  are  replaced  by 
tike  tertiary alcehois,  containing  the  group  ^C .  OH. 
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Ill 


C 


CH, 
CH, 
CH, 
OH 


CH 


CH^ .  OH    Trimcthyl  Carbinol. 
CH,/ 


The  tertiary  alcohols  decompose  when  oxidized. 
The  secondary  and  tertiary  alcohols,  in  distinction  from  the  primary 
or  true  alcohols,  are  designated  pseudo- alcohols. 

The  **  Geneva  names  "  for  the  alcohols  are  derived  from  the  names  of  the  corre- 
sponding hydrocarbons,  with  the  addition  of  the  final  syllable  *'or': 

CH3 .  OH  ==  [Methanol] ;  CH,  .  CH, .  OH  =  [Ethanol]  ; 

CH, .  CH, .  CH, .  OH  =  [i-Propanoi]  ;     CH, .  CHOH .  CH,  =  [2-Propanol]. 

The  parallels  in  the  formulas  of  the  three  classes  of  alcohols  and  the 
three  classes  of  amines  (see  these)  are  very  evident  upon  studying  the 
following  general  formulas : 


R.CHj.OH 
Primary  Alcohols. 


R.NH, 
Primary  Amine. 


^>CH .  OH 
Secondary  Alcohols. 


|>NH 
Secondary  Amine. 


R~C.OH 
Tertiary  Alcohols. 

R-^N 
R^ 
Tertiary  Amine. 


The  deportment  of  alcohols  on  oxidation  is  of  great  importance  in 
answering  the  question  as  to  whether  a  certain  alcohol  is  primary^  sec- 
ondary, or  tertiary  in  its  character.  What  has  already  been  submitted 
may  be  summarized  thus: 

A  primary  alcoliol  on  oxidation  yields  an  aldehyde,  which  passes  into 
an  acid  if  the  action  be  continued.  This  acid  contains  as  many  carbon 
atoms  in  its  molecule  as  the  parent  alcohol.  Oxidation  changes  a  sec- 
ondary alcohol  into  a  ketone ,  having  an  equal  number  of  carbon  atoms 
in  its  molecule.  A  tertiary  alcohol  breaks  down  on  oxidation  into 
compounds  having  a  lower  carbon  content. 

The  basis  of  the  classification  of  the  next  section  is : 

TTie  monohydric  alcohols  and  their  oxidation  products  : 


(itf)  Primary  Alcohols  (_CH, .  OH)     (i^)  Secondary  Alcohols  (=CH  .  OH) 

I        (xc)  Tertiary  Alcohols  (=C.  OH). 

(3)  Ketones  (—CO)- 


(2)  Aldehydes  {-J\     )  • 

H 

(4)  Carboxylic  Acids  (— C^      )  • 

^OH 

Four  classes  of  oxygen  derivatives  must,  therefore,  be  distinguished. 
The  unsaturated  derivatives  attach  themselves  to  the  saturated  of  each 
class. 


tU- 


\,^^ 


•v» 


I 


1 1 »  ^*'--* 

[Tm  Hill  inn  of  Alcohols. — Rtnew  if  Reactiom. — They  an  ob- 
^.■^,-;  --.-iT!  Ksi^ts  o.>nUiDiDg  a  like  number  of  carbon  atcxns: 
,     j:.  ,hf  sijvniricaiion  of  acid  estns. 
'  J     V-  :v  rejuction  of  polyhjdric  alcohols. 

■  >  i:>  '.he  attion  of  nitrous  acid  upon  amines. 
,  ,1  t=>  ibc  reduccion  of  thuir  oxidation  products, 
t'l'.u  ti^K-tvus-syntbesM  (p.  85): 

i^.t  t>^  ibc  action  of  lincalkyls,  or  linc  alkyls  and  alkjl  iodides, 
ui^-ii  iMchydes,  acid  chlorides,  ketones,  formic  esters,  acetic  esters, 
aikI  vhk>rinated  ethers. 

^»a>  Frifm  HalaiJ  Esters  or  Alkyli'^fiu. —  It  was  mentioned,  in 
d<.':>\'iit>tn}i  the  transformations  of  the  aikkl>ii;ens.  that  the  latter  afford  a 
itH,->kiisuf  (Kt^ing  from  the  parafhnsand  defines  lo  the  alcohols  f  p.  loi). 
Ai  vausttc  alkali  ca'jses  the  separaiiun  of  a  halo^'en  hydride  from  the 
itlk^K>f;ens,  it  is  possible  (o  exchange  hvdroxvl  for  the  halogen,  espe- 
iijlly  if  this  be  iodine.  This  is  m<jst  easily  accomplished  by  thcaction 
ol  freshly  precipitated,  moist  silver  oxide,  or  by  heating  with  lead 
o.\ide  and  water: 

C.H.I  +  AbOJI  =  C,Hj.  OH  +  Agl. 

Kvcti  water  Blonr  oum«  «  ruriial  tranipotition  of  the  mue  reactite  tertiary  slkrl 
tiHtitlei;  «b«i«u  ihe  oiher  mfkj'lotjeni  In  gcDcral  whrn  healed  for  some  tine  with 
10  ISiolumesof  waierlu  lOO^areciimiilelely  conTcned  into  Blcahiiis|A.  186,390). 

Tertiary  aikvl  iodidei  heated  10  100°  wiih  melbrl  alcohol  pa^^  toio  methyl  alcoholi 
and  meihrl  iodide  (A.  jio,  xtfi). 

(ti*)  By  the  Sapt^nification  of  their  Esters. — It  is  often  more 
iirat'lical  to  first  convert  the  halogen  derivatives  into  acetic  acid  esters, 
(ly  heating  with  silver  or  potassium  aceUte  : 

C,H,Br  +  C,H,0  .  OK  =  C-H,.  O  .  C,H,0  +  KBr, 
PoluaiuB  Acetate.         Elbyl  Acttic  Eiler. 

■  lid  ihen  boil  these  with  potassium  or  sodium  hydroxide,  and  obtain 
ihc  alcohols : 

C,H, .  O .  C,H,0  +  KOH  =  C,Hj .  Oil  +  C,H,0 .  OK. 

'I'ha  lacond  reaction  ii  called  lafmifitatimi,  becatise  by  meani  of  it  the  soqu, 
(  /, ,  Ilia  alkali  aiili  of  the  fatty  acidi  and  glycerol  (see  Ihii),  are  obtained  from  Ihe 
giyi  cMil  eileri  of  Ihe  fatty  acidl — the  fats. 

(ii-)  By  decomposing  the  acid  esters  of  sulphuric  acid  with  boiling 

Willi  I 

^"'    uh'  '"°  +  ",0  =  C,H,.OH  +  SO,H,. 

'  -«tion  constitutes  the  transition  from  the  olefines  to  the 
Jhcsc  esters  may  hi  easily  obtained  by  directly  combining 
led  hydrocarbons  with  sulphuric  acid. 

al  once  in  dilute  nitric  add. 
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(2)  TJU  rfduciion  of  polyhydric  alcohols  by  bydriodic  acid  yields  the  iodides  of 
secondary  alcohols,  which  are  converted  by  methods  la  and  lb  into  the  alcohols 
themselves,  e,g,  : 

CHjOH  CH,  CH, 

I              HI       I        ArOH      I 
CHOH  — >  CHI >-  CHOH 

CHjOH'  CHj  CH, 

Glycerol.         laopropyl  Isopropyl 

Iodide.  Alcohol. 

Or,  the  chlorhydrins  of  the  polyhydric  alcohob  may  be  rednced,  e,  g,  .* 

^^1  ClOH^   CH,OH  ^H      CHjOH 

CH,  CH,a  CH, 

Ethylene.  Ethylene 

Chlorhydrin. 

(3)  Action  of  nitrous  acid  upon  the  primary  amines: 

CjHjNH,  +  NO.OH  =  CjHj .OH  +  N» -f  H,0. 

Very  often  transpositions^ occur  with  the  higher  alkylamines,  and  instead  of  the 
primary  alcohols,  we  obtain  secondary  alcohols  (B.  x6,  744). 

(4^7)  Primary  alcohols  result  from  the  reduction  of  aldehydes^  acid 
chlorides f  and  acid  anhydrides  : 

C,Hj .  COH  +  2H  ==  CH, .  CH, .  CH, .  OH  (WQitz,  A.  123,  140). 

Propyl  Aldehyde. 

CH,.  COa-f  4H  =  CH,.  CH,.  OH  +  Ha. 

Acetyl  Chloride. 

Ch!  "  TO>^  +  4H  =  C,Hj .  OH  +  CH, .  COOH  (Linnemann,  A.   148,  249). 
Acetic  Anhydride. 

Aldehydes  are  first  formed  in  the  redaction  of  acid  chlorides  and  anhydrides ;  they 
in  tarn  are  reduced  to  alcohols.  The  reducing  agents  are  dilute  sulphuric  acid  or 
acetic  add,  together  with  sodium  amalgam,  sodium,  iron  filings,  and  zinc  dust  (B.  9, 
1312;  16,1715). 

This  is  the  last  of  those  reactions  by  which  an  alcohol  can  be  converted  into  an- 
other, containing  an  atom  more  of  carbon.  The  alcohol  is  changed  through  the  iodide 
to  the  cyanide,  and  the  latter  to  the  acid,  which,  by  reduction  of  its  chloride  or  its 
aldehyde,  yields  the  new  alcohol : 

CH, .  OH  >-  CH,I  M:H,CN >-  CH, .  COOH  >■  CH,COC 

CH, .  CH,OH 

(4^)  77ie  reduction  of  ketones  yields  secondary  alcohols  (Friedel,  A. 
124,  324),  together  with  pinacones  (see  these),  the  di-tertiary  dihydric 
alcohob  or  glycols : 

CH,  CH,  CH,  CH,       CH, 

CO  +2H=CH0H;  2CO  -|-2H  =  HO— C C.OH 

CH,  CH,  CH,  CH,       CH, 

Acetone.    Itopropyl  Alcohol.  Pinacone. 

10 
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Nucleus-synthetic  Methods  of  Formation. 

(5a)  Acid  Chlorides  and  Zinc  A  Iky  Is  ;  Ketones  ^  Zinc  A  Iky  Is  and  Alky- 
logens, — A  very  remarkable  synthetic  method,  proposed  by  Butlerow 
(1864),  which  led  to  the  discovery  of  the  tertiary  alcohols,  consists 
in  the  action  of  the  zinc  compounds  of  the  alkyb  upon  the  chlorides 
of  the  acid  radicals  (Z.  f.  Ch.,  1864,  385  ;  1865,  614). 

The  reaction  divides  itself  into  three  phases.  At  first  only  ooe  molecnle  of  zinc 
alkyl  reacts,  and  adds  itself  to  the  add  chloride  as  a  result  of  the  breaking  down 
of  the  doable  linkage  between  the  carbon  and  oxygen : 

(I)    CHj.C^     +Zn(CH,),  =  CH,C^O.Zn.CH,. 

^a  la 

Acetyl  Chloride. 

By  decomposing  the  reaction-prodoct  with  water,  acetone  is  formed.  However, 
should  a  second  molecule  of  the  zmc  alkyl  act  upon  the  new  compound,  farther  reac- 
tion will  take  place  on  longer  standing: 

(2)    CHj.C^  O.Zif.CH,  -h  Zn  (CH,),  =  CH, .  Cj  O .  Zn .  CH,  +  Zn  /  >:„ 
,   I  CI  ICH,  '^^"»' 

If  now  water  be  permitted  to  take  part,  a  tertiary  alcohol  will  be  formed : 

fCH,  rCH, 

(3)    CH, .  C  J  O .  Zn .  CHg  +  2H,0  =  CH, .  C  ^  OH  -f  Zn(OH),  +  CH^. 
I  CH,  I  CH, 

If  in  the  second  stage  the  sine  compound  of  another  radical  be  employed,  the  latter 
may  be  introduced,  and  in  this  manner  we  obtain  tertiary  alcohols  with  two  or  three 
different  alkyls  (A.  175,  374,  and  x88, 1 10,  122). 

It  is  remarkable  that  only  sine  methyl  and  ethyl  furnish  tertiary  alcohols,  while 
zinc  propyl  affords  only  those  of  the  secondary  type  (B.  16,  2284 ;  24,  R.  667). 

The  ketones  in  general  do  not  react  with  the  zinc  alkyls.  On  the  other  hand, 
diethyl-acetone,  (C,H,),CO,  and  dipropyl  ketone,  (C,H,),CO,  are  cooverted  by  zinc 
and  methyl  (ethyl)  iodide  into  zinc  alkyl  compounds ;  these,  under  the  influence  of 
water,  pass  into  tertiary  alcohols  (B.  19, 60 ;  ax,  R.  55).  We  get  unsaturated  tertiary 
alcohols  from  all  the  ketones  by  me  action  of  sine  and  allyl  i<^ide  (A.  xg6,  X13). 

(53)  When  zinc  alkyls  act  upon  aldehydes,  only  one  alkyl  group 
enters,  and  the  reaction  product  of  the  first  stage  yields  a  sectary 
alcohol  when  treated  with  water  (A.  213,  369;  and  B.  14,  2557): 

CHj.CHO yCH,.CH<Q»^^  rn  >- CH, . CH . <§«^» . 

Aldehyde.  Methyl-ethyl  Carbinol. 

y|// aldehydes  (even  those  with  unsaturated  alkyls,  and  also  furfuran)  react  in  this 

way— but  only  with  zinc  methyl  and  zinc  ethyl,  while  with  the  higher  zinc  alkyls  the 

ftM^Hvdes  suffer  reduction  to  their  corresponding  alcohols  (B.  17,  R.  318).    With 

lyl  chloral  yields  trichlorisopropyl  alcohol,  CCl, .  CH(OH) .  CH, ;  whereas 

ethyl  it  is  only  reduced  to  trichlorethyl  alcohol  (A.  223,  162). 

ust  as  we  obtained  tertiary  alcohols  from  the  acid  radicals,  so 
lerive  secondary  alcohols  from  the  esters  of  formic  acid.     Zinc 
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alkyls  are  allowed  to  react  in  this  case  (or,  better,  alkyl  iodides  and 
zinc),  and  two  alkyls  are  introduced : 


< 


/O .  Zn .  CH,  yO .  Zn .  CH,  yOH 


Ethyl  Formic  Ester.  Dimethyl  Carbinol. 

Using  some  other  zinc  alkyl  in  the  second  stage  of  the  reaction,  or  by  working  with 
a  mixture  of  two  alkyl  iodides  and  zinc,  two  different  alkyls  may  also  be  introduced 
here  (A.  175,  362.  374). 

Zinc  and  allyl  iodide  (not  ethyl-iodide,  however)  react  similarly  upon  acetic  acid 
esters.  Two  alkyl  groups  are  introduced  and  unsaturated  tertiary  alcohols  formed 
(A.  185,  175). 

Chlorinated  ethers,  e.  g.,  CICH, .  OCHg,  and  zinc  alkyls  yield  ethers  of  primary 
alcohols  (B.  84,  R.  858): 

2a  .  CH, .  OCH,  +  ZnCCjHj),  =  2C,H5 .  CH, .  OCH,  +  ZnCl,. 

In  addition  to  the  above  universal  methods,  alcohols  are  formed  by 
various  other  reactions.  Their  formation  in  the  alcoholic  fermenta- 
tion of  sugars  in  the  presence  of  ferments  is  of  gr^^^ractical  import- 
ance. Appreciable  quantities  of  methyl  alcohol  are  produced  in  the 
dry  distillation  of  wood.  Many  alcohols,  too,  exist  as  already 
formed  natural  products  in  compounds,  chiefly  as  compound  ethers  of 
organic  acids. 


ConTenion  of  Primary  into  Secondary  and  Tertiary  Alcohols. — By  the 
elimination  of  water  the  primary  alcohols  become  unsaturated  hydrocarbons  CnH,B 
(p.  91).  The  latter,  treated  with  concentrated  HI,  yield  iodides  of  secondary 
alcoholic  radicals,  as  iodine  does  not  attach  itself  to  the  terminal  but  to  the  less 
hydrogenized  carbon  atom  (p.  93).  Secondary  alcohob  appear  when  these  iodides 
are  acted  upon  with  silver  oxide.  The  successive  conversion  is  illustrated  in  the 
following  formulas : 

CH,  CH,  CH,  CH, 

CH,         >-CH   >-CHI >-CH.OH 

CHj.OH  CH,  CH,  CH, 

Propyl  Pr€»pylene.         Isopropyl         Isopropyl 

Alconol.  Iodide.  Alcohol. 

Primary  alcohols  in  which  the  group  CH,.OH  is  joined  to  a  secondary  radical, 
pass  in  the  same  manner  into  tertiary  alcohols : 

^J[»>CH .  CH, .  OH  >cH*>^  =  ^^  >CH*>^^~"^^»  >Ch'>^^^^)  '  ^^'» 
Isolmtyl  Alcohol.  Isobutylene.  Tertiary  Butyl  Tertiary  Butyl 

Iodide.  Alcohol. 

The  change  is  better  effected  by  the  aid  of  sulphuric  acid.  The  sulphuric  esters 
(p-  93)*  arising  from  the  alkylens,  CdH,b,  have  the  sulphuric  acid  residue  linked  to 
the  carbon  atom,  with  the  least  number  of  attached  hydrogen  atoms. 

Physical  Properties. — In  physical  properties  alcohols  exhibit  a 
gradation  corresponding  to  their  increase  in  molecular  weight.     This 
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is  true  of  other  bodies  belonging  to  homologous  series.  The  lower 
alcohols  are  mobile  liquids,  dissolving  readily  in  water,  and  possessing 
the  characteristic  alcohol  odor  and  burning  taste.  As  their  carbon 
content  increases,  their  solubility  in  water  grows  rapidly  less.  The 
normal  alcohols,  containing  from  one  to  sixteen  carbon  atoms,  are 
oils  at  the  ordinary  temperature,  while  the  higher  are  crystalline  solids, 
without  odor  or  taste.  They  resemble  the  fats.  Their  boiling  points 
increase  gradually  (with  similar  structure)  in  proportion  to  the  increase 
of  their  molecular  weights.  This  is  about  lo**  for  the  difference,  CH,. 
The  primary  alcohols  boil  higher  than  the  isomeric  secondary,  and 
the  latter  higher  than  the  tertiary.  Here  we  observe  again  that  the 
boiling  points  are  lowered  with  the  accumulation  of  methyl  groups 
(see  p.  64).  The  boiling  points  can  be  calculated  with  approximate 
accuracy  from  the  alkyl  residues  present  (B.  20,  1948).  The  higher 
members  are  only  volatile  without  decomposition  under  diminished 
pressure. 

Chemical  Properties  and  Transpositions. — The  alcohols  are 
neutral  compounds.  In  many  respects  the  first  members  of  the  series 
resemble  water,  and  enter  into  combination  with  many  salts,  in  which 
they  play  the  rdle  of  water  of  crystallization  (p.  118). 
Some  of  their  more  important  transpositions  are — 
(i)  The  hydroxyl  hydrogen  is  easily  replaced  by  sodium,  potassium, 
and  other  metals,  yielding  thereby  the  alcoholates, 

(2)  In  their  interaction  with  strong  acids  water  separates  and  com- 
pound  ethers  or  esters  are  produced.  This  reaction  is  analogous  to 
that  taking  place  in  the  formation  of  a  salt  from  a  basic  oxyhydrate 
and  an  acid.     The  alcohols  figure  as  the  base  (p.  132), 

(3)  The  haloid  esters  of  the  alcohols  are  produced  when  the 
alcohols  are  heated  together  with  the  haloid  acids.  These  esters  are 
the  monohalogen  derivatives  of  the  paraffins  (p.  101).  A  more  con- 
venient method  for  their  formation  consists  in  heating  the  alcohols 
with  the  phosphorus  haloids. 

Nascent  hydrogen,  acting  upon  these  esters,  affords  a  means  of 
reconverting  the  alcohols  into  their    corresponding    hydrocarbons 

(p.  lOl). 

(4)  Energetic  dehydrating  agents  change  the  alcohols,  especially 
those  of  the  tertiary  class,  into  the  olefines  (p.  92). 

(5)  Heated  with  phenols  and  zinc  chloride,  they  yield  homologous  phenols  (see 
these). 

Reactions,  Distinguishing  Primary,  Secondary,  and  Ter- 
tiary Alcohols. — (i)  In  the  preliminary  description  of  the  alcohols 
it  was  clearly  shown  that  primary  alcohols,  upon  oxidation,  yield 
aldehydes  and  carboxylic  acids;  that  the  secondary  alcohols  form 
ketones  with  like  carbon -con  tent  (p.  iii),  and  that  the  tertiary 
alcohols  break  down. 

(2)  If  the  alcohols  be  converted  by  phosphorus  iodide  (p.  100)  into  their  iodides, 
and  the  latter  are  changed  by  silver  nitrite  to  nitroalkyls  (see  these),  the  latter  com- 
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poands  will  show  characteristic  color  reactionSy  according  as  they  contain  a  primary^ 
secondary,  or  tertiaiy  alcohol  radical. 

(3)  Acetic  esters  are  formed  when  the  primary  and  secondary  alcohols  are  heated 
with  acetic  acid  to  155**  C.  The  tertiary  alcohols,  under  similar  treatment,  split  off 
water  and  form  alkylens  (A.  190,  343;  197,  193;  aao,  165). 

(4)  When  the  primary  alcohols  are  heated  together  with  soda-lime  they  yield  their 
conesponding  adds: 

R.CH,.OH  +  NaOH  =  R.CO.ONa+2H,. 


A.  LIMIT. ALCOHOLS,  PARAFFIN  ALCOHOLS,  CbHsb  +  iOH. 

The  most  important  members  of  this  series,  and  of  the  monohydric 
alcohols  in  particular,  are  methyl  alcohol  or  wood  spirit^  CH, .  OH, 
and  ethyl  alcohol  or  spirits  of  wine :  CH, .  CH, .  OH. 

i!  Methyl  Alcohol,  Wood  Spirit,  Cardinol'\Methanol'}X^t' OH, 
differs  from  all  other  primary  alcohols  in  that  it  contains  the  CH,OH 
group  in  union  with  hydrogen.  Hence  its  oxidation  is  not  restricted 
to  the  corresponding  monobasic  carboxylic  acid,  but  may  extend  to 
carbonic  acid : 


yOH                   >jO  yOH 

C^H      >-  C^H >  CA) 


It  is  formed  in  large  amounts  in  the  dry  distillation  of  wood.  The 
name  methyl,  derived  from  /liSu,  wine,  and  dAi^,  wood,  is  a  translation 
of  wood  spirit. 

History, — Boyle  discovered  wood  spirit  in  1661  among  the  dry  distillation  products 
of  wood.  In  1812  Taylor  recognized  it  as  similw  to  spirits  of  wine,  but  considered 
it  an  entirely  different  body.  Dnmas  and  P^ligot  (1831)  (A.  15,  i)  made  the  first 
careiiil  study  of  it. 

Methyl  alcohol  is  also  produced  in  the  dry  distillation  of  molasses. 

It  occurs  in  nature  as  methyl  salicylic  ester,   CjH^  |  PloSP^^*'  winter  - 

green  oily  derived  from  Gaultheria  procumbens. 

The  full  synthesis  of  methyl  alcohol  proceeds  from  carbon  disulphide 

through  methane,  and  methyl  chloride,  by  action  of  aqueous  caustic 

potash  on  the  latter  at  xoo^  (Berthelot,  1858,  A.  chim.  phys.  [3]  52, 

loi): 

koh 
CSi  >^CH^  >-CH,a  >-CH,.OH. 

Physical  Properties. — Methyl  alcohol  is  a  mobile  liquid  with  spiritu- 
ous odor  and  burning  taste.  It  boils  under  760  mm.  at  66-67^,  and 
at  20^  it  has  a  specific  gravity  of  o.  796.  It  mixes  with  water,  alcohol, 
and  ether. 

The  aqueous  product  obtained  in  the  distillation  of  wood  at  500**  in  iron  retorts  con- 
tains methyl  alcohol,  acetone,  acetic  acid,  methyl  acetic  ester,  and  other  compounds. 
It  is  distilled  over  burnt  lime  or  soda.     The  crude  wood  spirit  which  results  contains 
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acetone  as  its  chief  impurity.  To  remove  this  add  anhydrons  calciam  chloride.  The 
latter  combines  with  the  alcohol  to  a  crystalline  compound.  This  is  removed,  freed 
from  acetone  by  distillation,  and  afterward  decomposed  by  distilling  with  water.  Pure 
aqueous  methyl  alcohol  passes  over ;  this  is  dehydrated  with  lime  or  pota^es.  To  pro- 
cure it  perfectly  pure  it  is  only  necessary  to  break  up  oxalic  methyl  ester,  the  high- 
boiling  methyl  benzoate,  or  methyl  acetic  ester,  with  caustic  potash. 

To  detect  ethyl  in  methyl  alcohol,  heat  the  latter  with  concentrated  sulphuric  acid, 
when  acetylene  will  be  formed  from  the  Brst.  Under  this  treatment  methyl  alcohol 
becomes  methyl  ether.  The  amount  of  methyl  alcohol  in  wood  spirit  is  determined, 
quantitatively,  by  converting  it  into  methyl  iodide,  CH,I,  through  the  agency  of  PI, 
(B.  9,  1928).  We  estimate  the  quantity  of  acetone  by  the  iodoform  reaction  (B. 
13,  1000). 

Uses, — Wood  spirit  is  employed  as  a  source  of  heat.  It  is  also  used 
in  making  varnishes,  dimethylaniline,  and  for  the  methylation  of  many 
carbon  derivatives,  particularly  the  dye-stuffs.  It  is  a  good  solvent  for 
many  compounds  of  carbon. 

Chemical  Properties. — (i)  It  combines  directly  with  CaCl,,  to  form 
CaCl, .  4CH4O,  crystallizing  in  brilliant  six-sided  plates.  Barium  oxide 
dissolves  in  methyl  alcohol,  forming  the  crystalline  body  BaO  .  2CH4O. 
The  alcohol  in  this  salt  conducts  itself  like  water  of  crystallization. 

(2)  Potassium  and  sodium  dissolve  in  anhydrous  alcohol,  to  form 
meth\lates,  e.  g.^  CH3OK  and  CH,.  ONa. 

(3)  Oxidizing  agents  and  also  air,  in  presence  of  platinum  black, 
change  methyl  alcohol  to  formic  aldehyde,  formic  acid,  and  carbonic 
acid. 

(4)  Chlorine  and  bromine  do  not  act  so  readily  upon  methyl  as 
upon  ethyl  alcohol.  Chlorine  attacks  aqueous  methyl  alcohol  quite 
easily  (B.  28,  R.  771).  Dichlormethyl  ether,  (ClCH,),0,  is  fiist  pro- 
duced; water  converts  it  into  formaldehyde  and  hydrochloric  acid 
(B.  26,  268). 

(5)  When  methyl  alcohol  is  heated  with  soda-lime,  sodium  formate 

CH, .  OH  -j-  NaOH  =  CHO .  ONa  -f  2H,. 

(6)  When  the  alcohol  is  distilled  over  zinc  dust,  it  breaks  down  into 
carbon  monoxide  and  water. 

2.  Ethyl  Alcohol,  Spirits  of  Wine  [Ethanof],  C^Ha .  OH.— In 
consequence  of  its  formation  in  the  spirituous  fermentation  of  sac- 
charine plant  juices,  alcohol,  in  impure  state,  was  known  to  the 
ancients.  It  was,  however,  only  in  the  preceding  century  that  the 
knowledge  of  how  it  might  be  obtained  in  an  anhydrous  condition 
was  acquired.     In  1808  Saussure  determined  its  constitution. 

Occurrence. — Ethyl  alcohol  seldom  occurs  in  the  vegetable  kingdom.  It  is  found, 
together  with  ethyl  butyrate,  in  the  unripe  seeds  of  Heracleum  gtganteum  and  Hera- 
cleum  spondylium.  It  is  also  present  in  the  urine  of  diabetic  patients,  and  in  that 
of  healthy  men  after  excessive  consumption  of  alcoholic  beverages. 

Formation. — It  may  be  obtained  by  the  general  methods  previously 
described  for  primary  alcohols :  (i)  From  ethyl  chloride;  (2)  from 
ethyl  sulphate ;  (3)  from  ethylene  chlorhydrin ;  (4)  from  ethylamine; 
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(5)  from  aldehyde ;  and  (6)  from  acetyl  chloride.  The  synthesis  of 
ethyl  alcohol  is,  therefore,  possible  in  two  ways.  The  first  three 
methods  show  that  it  is  genetically  connected  with  acetylene,  ethylene, 
and  ethane,  while  the  last  two  methods  indicate  its  relation  to  acety- 
lene and  acetic  acid  (p.  112) : 


2C-f  H2 


CH,  CH,OSO,H 


COCl 


CN 


tO,H 

CH,  CH,  X  ' 

>  CH^ y  CH,C1  — >  CH,' 


CH,I 


OH 


C-I-2S 

Starting  with  acetylene,  the  most  direct  course  to  ethyl  alcohol  would  be  through 
acetaldehyde.  Water  converts  it  into  the  latter  (p.  96),  and  nascent  hydrogen  then 
reduces  the  aldehyde  to  alcohol. 

If  the  acetylene  be  changed  to  ethylene,  then  Tarious  possibilities  arise  for  the 
formation  of  ethyl  alcohol :  (i^  Ethylene  and  hydrogen  unite  to  form  ethane,  which 
chlorine  changes  to  ethyl  chlonde,  yielding  alcohol  when  heated  with  water.  (2)  At 
160°  ethylene  unites  with  sulphuric  acid,  forming  ethyl  sulphuric  acid,  which  boiling 
water  changes  to  ethyl  alcohol  and  sulphuric  acid.  (3)  Ethylene  and  hypochlorous 
acid  yield  ethylene  chlorhydrin,  which  may  be  reduced  to  ethyl  alcohol. 

A  nucleus-synthesis  of  ethyl  alcohol  from  methyl  alcohol  is  possible  through 
acetaldehyde.  Methyl  alcohol  can  be  synthesized  iirom  carbon  disulphide  (p.  117). 
Phosphorus  iodide  converts  the  methyl  alcohol  into  methyl  iodide,  and  this,  by  action 
of  potassium  cyanide,  is  changed  into  methyl  cyanide.  Boiling  alkali  transforms  the 
latter  into  an  alkaline  acetate,  which  phosphorus  oxychloride  converts  into  acetyl 
chloride.  The  latter,  by  reduction,  yields  ethyl  alcohol,  with  acetaldehyde  as  an 
intermediate  product.  Acetaldehyde  may  also  be  prepared  from  calcium  acetate  by 
heating  it  with  calcium  formate. 

Preparatiim.— Ethyl  alcohol  is  prepared  on  a  technical  scale  almost 
exclusively  by  what  is  termed  the  "spirituous  fermentation"  of  sac- 
charine juices. 

Cagniard  lAtour,  in  1836,  and  later  Schwann,  found  that  alcoholic  fermentation 
was  due  to  yeast  germs — an  organized  ferment  (A.  29,  100 ;  30,  250,  363 ;  A.  chim. 
1^7**  [3]>  9^*  3^3)-     CHiese  broke  down  the  various  sugars  into  alcohol  and  carbon 
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iKws-^^ 


X  v^^4  ^v^WMik^iCt  of  micro6copic  cells  (aboat  o.oi  mm.  in  sise) :  saccharomyces 


•  •  • 


•»    •• 


^,^./.>.  v«^  i»*  .^#W4dAV  Femuniation, — ^Thc  yeast  germs  increase  by 

Xvs'    V      ''^'*  ^**^^  P^***  ^°  dilute,  warm  (5-30*)  sugar  solutions. 

''.^  *K\xi  ujMii  At  ao-30**  C.     The  growth  requires  salts,  especially 

\  X  ^v^,>^  awJ  albuminous  substances.     Oxygen  is  requisite  at  the 

\^^^.^  j/^x^\Knt  (,B.  99i  1983),  but  the  fermentation  proceeds  after- 

vt  ^uNxhU  Air  access.     If  the  quantity  of  alcohol  in  a  fermenting 

\i  (\M\hc!i  a  ceruin  amount,  the  fermentation  ceases.    The  yeast 

'  kvx  \>au  iuU  grow  in  liquids  containing  14  per  cent,  of  alcohol. 

V's  \  *^^  A^'^^^  destroyed  by  a  temperature  of  60**,  and  by  small  quan- 

ox  ^^  l^cnol,  salicylic  acid,  corrosive  sublimate,  and  other  disin- 

'  ^Jsy.  «^^Ars  occurring  in  ripening  fruits — ^grapes,  apples, cherries — 

St  '1^  ^'^^^^  *^^  ^^^^  sugars,  as  well  as  in  many  other  plants,  are  the 

^..\ a *./•*#/«•*»  which  contain   hydrogen  and  oxygen  together  with 

^  s^^  \\\  ^^^  sxxxtit  proportion  in  which  the  first  two  elements  are 

\  vxvwi  n^  water.    The  carbohydrates  will  be  discussed  immediately 

^^«^   \\\<  hexahydric  alcohols:    QH,(OH), — manmtoi,  dulcitoly  sor- 

K.4 «  vi\' » ^^^^^^  ^^^  oxidation  products  are  the  simple  carbohydrates, 

)^\V     However,  so  much  relating  to  the  carbohydrates  will  be 

^A\mWi  this  time  as  appears  necessary  to  understand  alcoholic  fer- 

tW  cArlK>hydrates  may  be  arranged  into  three  principal  classes : 

^    u^f*i*ses  or  MonoseSy  CcHuOt:  grape  sugar,  fruit  sugar,  etc. 

|.   S^%'ihar0biosest  CuHnOi, :   inalt  sugar,  cane  sugar,  milk  sugar, 

♦    t\^\sacchaniies^  (CfHioOj)  x  :  starch,  dextrine,  etc. 
v^«  oarlH)hyd rates  of  the  second  and  third  classes  bear  the  relation 
l^Xwin'iifs  to  the  sugars  of  the  first  group. 
^   ^^  simple  sugars  of  the  formula  CtH„Ot  are  capable  of  direct 
.  ^»^^4io  fermentation.     This  is  particularly  true  of  grape  and  frui^ 
>v%  **  ^^^^  ^  ^^  *"'''  sugar  among  the  saccharobioses.     Technic 
^^    It  w  ^f  ^^^  greatest  importance  that  the  not  directly  fermentable 
^\jifx»bioses  and  the  polysaccharides  can  be  converted  by  water 
'*'^^^i4ion  into  directly  fermentable  sugars,  and  these  then  be  fer- 

y^^i^fmited  Ferments  or  Enzymes. — ^The  breaking-down  of  saccharo- 

v\wH  and   polysaccharides  by   water  absorption   {hy  hydrolysis^  is 

*,x*s^i   by  enzymes — albuminoid-like  compounds.     The  most  im- 

,^4^M*t  of  this  class  are  invertin  and  diastase. 

Cv'rf*'  's  produced  in  the  yeast  germ.     It  is  soluble  in  water  and 

Vfcs  x%c\iw»'^  ^^  name  from  the  fact  that  it  is  capable  of  converting 

**w  '*^**"'*"   ""*"  "^ — imolecular  quantities  of  grape  sugar  and  fruit  sugar 

far.  At  the  same  time  the  rotatory  power  of  the 
it  is  inverted.  Cane  sugar  is  dextro-rotatory, 
sugar,  whereas  fruit  sugar  deviates  the  {^ane 
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of  polarized  light  more  strongly  toward  the  left,  than  an  equivalent 
quantity  of  grape  sugar  turns  it  to  the  right.  Consequently,  inver- 
sion changes  a  dextro-rotatory  cane-sugar  solution  into  a  laevo-rotatory 
solution  of  invert  sugar  : 

C,Hj,0,  —  Grape  Sugar,  dextro-rotatory 


C„H„0„ 
Cane  Sugar, 
dextro-rotatory. 


HaO 


Invertin 


^  C,Hj,0,  —  Fruit  Sugar,  laevo-rotatory 


Invert 

Sugar, 

l»vo- 

rotatory. 


Diastase  is  an  unorganized  ferment,  produced  in  the  germination 
of  barley  and  other  grains.  The  germination  of  the  so-called  green 
malt  is  interrupted  by  killing  the  germ  by  rapid  drying.  The  malt  is 
then  subjected  to  kiln-drying,  a  temperature  which  will  not  influence 
the  activity  of  the  diastase.  At  50**  to  60**  the  diastase  in  malt  can 
hydrolyze  the  starch.  Two-thirds  of  the  latter  are  changed  to  malt 
sugar,  which  can  be  directly  fermented  by  yeast.  One-third  of  the 
starch  becomes  dextrine.  This  is  converted  much  more  slowly  by  the 
diastase  into  grape  sugar. 

Malt  sugar,  like  grape  sugar,  belongs  to  the  saccharobioses.  It 
absorbs  water  and  is  resolved  into  grape  sugar.  Milk  sugar,  also  a 
saccharobiose,  absorbs  water  and  passes  into  a  mixture  of  equi molecu- 
lar quantities  of  galactose  and  grape  sugar.  A  review  of  these  hydro- 
lytic  relations  is  shown  in  the  following  diagram  : 

Carbohydrates  . 


Glucoses,  Monoses 
C«HuO« 


Grape  Sugar  -^ 


Grape  Sugar -<- 


Grape  Sugar  -<■ 


Fruit  Sugar  -^ 


Grape  Sugar  -<■ 


Galactose 


Grape  Sugar  -<■ 


Saccharobioses 
CuHaOu 


Malt  Sugar  -<- 


Cane  Sugar 


Milk  Sugar 


POLYSACCH  AR  IDES 

(CHjoOft)  X 


Starch 


Dextrine 


The  hydrolysis  of  the  saccharobioses  and  of  starch  may  also  be 
brought  about  by  warm,  dilute  sulphuric  acid.  This  treatment 
changes  the  starch  to  grape  sugar  and  dextrine.  In  technical  opera- 
tions the  preparation  of  saccharine  juices  from  starchy  compounds  for 
the  purpose  of  fermentation  is  executed  almost  exclusively  by  the 
diastase  of  malt. 
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f^sicur  ioiuidcn  that  from  94  to  95  per  cent,  of  sugar  changes  to 
(i/itU//»iiii  fiiriMie  aei'tf  accoiding  to  the  equation: 
C;H„0,  =  iC,H,0  +  aCO,. 

>!»/»•/«■/.  tomcgfy^er^(.'-S  P"  ccnt.)and  suecimc  a£iJ(p.6  per  cent.) 
ate  foiTOcd  sitnuluneously,  although  the  latter  two  appear  generally 
loward  the  end  of  the  ferroentation  (B.  vj,  R.  671).  The  fusel 
oil  contains  n  propyl  alcohol,  isopropyl  alcohol,  isobutyl  alcohol 
(CH,),CH .  CH,OH.  and  especially  amy!  alcohol  of  fermcnUtion — a  mix- 
ture  of  isobutyl  carbinol,  CHl!>C"-^"i-<^H,OH,andopticallyactive 
n.elhyl-ethvl-carl.in.carbinol,  '^»-^U;>"CH.  CH,.OH  (p.  irf). 

Sm  o»K  <*^  nricii**  of  sMxharomycei,  bat  alio  other  bodding  fungi,  e.  g., 
I^t"  ww.-mV'.  «n>1»™  «lcoholic  fenDeDtMion.  The  Tariout  secomjur  rermenluioas 
^,^jj_ci«w«(  hi  ',-liivmr.-tlts  »re  remukible.  It  appeare  thM  the  fusel  oil  U  prodnced 
>.  .N-m  i"  «ilm«rT  vtMl  fenneDUtiom.  Alcoholic  fcrmentilion  ocean  wilboul  the 
,— ^-,  M  trf^m'Wi  in  unimpured  ripe  fniits  {grapes  and  cherries),  when  these  tr« 
\,>u,--  '01  •  c^il  i"  *■>  Rtmoiphere  of  carbon  dioxide, 

.  ..».h.   ^Ts-ufW. — The  material  used  in  the  preparatioo  of  alcoholic  liquids 
4.  _,-trt  frimwitaiionare: 

.    v>-  -  *  ■^fii-i-S  iiiitnHcti,  teeds  of  min  and  potatoei.     The  fennenied 

.        ;,  ,  T  rf  '»« >l>  nuisunied  {vrint,  ierr)  or  they  are  fim  distilled  in  order  to  pro- 

.    ■'.,  y-i!!.-**  lii"'t»  of  ti^-'^y.  the  alcohol  content  of  which  may  exceed  50  pet 

^\  t*ir  iVKiieiilation  of  laccharine  juice*  we  tkMoa : 

ii«i|iK'lll  diilillation : 


-«,^--.i   wi 


t,.liii'i  beniei :  w 


"    molasses;  rum. 
"    cherries:  cherry  water. 
"    prunes:    sHwowiti     (Bohe- 
mia), etc. 

iiriitallon  of  starch-conulning  substances,  after  conTerting  the  starch 

tin 

.|»f-iil  distillation:  I   (J)  wiVJ  subsequent  distillation: 

1 1  Uarlcy  and  tye,  wheat  or  oali,  and 

,.|>i  iicer  (Berlin],  1  maiie  :  com  whiskey  of  various 

Rice:  irrac  (East  India). 
I  Potatoes:  potato  spirit. 

)  I'MalB  spirit* — Pure  ethyl  alcohol  is  obtained  from  potato  spirit. 

■  riir  heated   with  steam  to  140-150°  C.  under  a  pressure  of  from 

I  III'  lower  part  of  the  apparatus  is  now  opened  and  the  potato 

.„  I  iliuested  at  5;-6o°  in  a  mashing  apparatus  with  finely  diiidcd 

In  this  manner  the  starch  of  the  potatoes  is  converted  into 

t  lias  cooled  to  the  temperature  of  fermentation  it  is  ran  into 

liere  it  comes  in  contact  with  "  pure  culture  "  artilkial  yeast. 

Crude  ipiril  results  from  the  distillation  of  the  fermented 


lldb.  d,  chem.  Technoli^ic,  14.  Anfl.,  1393,  S.  948. 
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Manufacture  of  Pure^  Absolute  Alcohol. — ^To  farther  purify  the  crude  spirit  it  is 
fractionated  oa  a  large  scale  in  the  column  apparatus  of  Savalle,  Pistorius,  Ilges.* 
The  first  portions,  more  readily  volatile,  contain  aldehyde,  acetal,  and  other  sub- 
stances. A  purer  spirit  (containing  95-96  per  cent,  of  alcohol)  follows,  and  in  com- 
merce is  known  as  sprit.  Finally  come  the  tailings^  in  which  are  the  fusel  oils.  To 
remove  the  latter,  the  spirit  is  diluted  with  water  and  filtered  through  ignited  wood- 
charcoal,  which  retains  the  fusel  oils,  and  is  then  distilled. 

To  prepare  anhydrous  alcohol,  the  rectified  spirit  (90-95  per  cent,  alcohol)  is  dis* 
tilled  with  ignited  potashes,  anhydrous  copper  sulphate,  caustic  lime  (A.  x6o,  249), 
or  barium  oxide. 

Detection  of  Water  in  Alcohol.  —Absolute  alcohol  dissolves  barium  oxide,  assuming 
a  yellow  color  at  the  same  time.  It  is  soluble  without  turbidity  in  a  little  benzene ; 
when  more  than  three  per  cent,  water  is  present,  cloudiness  ensues.  On  adding 
anhydrous  or  absolute  alcohol  to  a  mixture  of  very  little  anthraquinone  and  some 
sodium  amalgam  ir  becomes  dark  green  in  color,  but  in  the  presence  of  traces  of 
water  a  red  coloration  appears  (B.  10,  927). 

Detection  of  Alcohol. — Traces  of  alcohol  in  solutions  are  detected  and  determined 
either  by  oxidation  to  aldehyde  (see  this)  or  by  converting  it  by  means  of  dilute  pot- 
ash and  iodine  into  iodoform  (B.  13,  1002). 

Its  conversion  into  ethyl  benzoate,  by  shaking  with  benzoyl  chloride  and  sodium 
hydroxide  (B.  19,  3218;  ai,  2744)  also  answers  for  this  purpose. 

Properties. — ^Absolutely  pure  alcohol  is  a  mobile,  colorless  liquid 
with  an  agreeable  ethereal  odor,  boils  at  78.3^  (760  mm.),  and  has  a 
specific  gravity  of  0.80625  at  o^,  or  0.78945  at  20**.  At — 90®  it  is  a 
thick  liquid,  at — 130^  it  solidifies  to  a  white  mass.  It  burns  with  a 
non-luminous  flame  and  absorbs  water  energetically  from  the  air. 
When  mixed  with  water  a  contraction  occurs,  accompanied  by  rise  of 
temperature ;  the  maximum  is  reached  when  one  molecule  of  alcohol 
is  mixed  with  three  molecules  of  water,  corresponding  to  the  formula 
CjH^O  -f-  3H,0.  The  amount  ofalcohol  in  aqueous  solutions  is  given 
either  in  per  cents,  by  weight  (degrees  according  to  Richter)  or  vol- 
ume per  cents,  (degrees  according  to  Tralles).  It  may  be  determined 
by  an  aicohohfmeterj  the  scale  of  which  gives  directly  the  per  cent,  by 
weight  or  volume  for  a  definite  temperature  (15**  C).  Or  the  vapor 
tension  is  ascertained  by  means  of  the  vaparimeter  of  Geissler,  or  the 
boiling  point  is  determined  with  the  ebullioscope. 

The  alcohol  content  of  spirituous  drinks  is  first  distilled  ofT  and 
then  estimated.f 

Alcohol  dissolves  many  mineral  salts,  the  alkalies,  hydrocarbons, 
resins,  fatty  acids,  and  almost  all  the  carbon  derivatives.  The  most  of 
the  gases  are  more  readily  soluble  in  it  than  in  water ;  100  volumes  of 
alcohol  dissolve  7  volumes  of  hydrogen,  25  volumes  of  oxygen,  and  16 
volumes  of  nitrogen. 

Ethyl  alcohol  forms  crystalline  compounds  with  some  salts,  like  cal- 


*  Ferd.  Fischer:  Hdb.  d.  chem.  Technologic,  14.  Aufl.,  1893,  S.  959. 

f  Post:  Chemisch-technische  Analyse,  Braunschweig,  1881 ;  Bdckmann,  Chem. -tech. 
Untersuchungsmethoden,  Berlin,  x888;  K5nig:  Chemie  der  menschlichen  Nah- 
rungs  und  Genitssmittel,  1893;  Eisner:  Die  Praxis  des  Cbemikers  bei  Untersuchung 
▼on  Nahnmgsmitteln,  etc.,  1893. 
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cium  chloride  and  magnesium  chloride.     It  plays  the  r6le  of  water 
of  crystallization  in  them. 

Transpositions. — ^Potassium  and  sodium  dissolve  in  it,  yielding  die 
alcoholates. 

With  sulphuric  acid  it  yields  ethyl  sulphuric  acid,  and  with  sulphuric 
anhydride,  carbyl  sulphate  (p.  91).  Phosphorus  bromide  and  iodide 
change  it  into  ethyl  bromide  and  ethyl  iodide.  Being  a  primary  alco- 
hol, such  oxidants  as  manganese  peroxide  and  sulphuric  acid,  chromic 
acid,  platinum  black,  and  air  change  it  to  acetaldehyde  and  acetic 
acid  (p.  1 1 1),  Chlorine  and  bromine  oxidize  alcohol  to  acetaldehyde, 
which  unites  to  acetal^Mh  the  alcohol.  Chloral-  and  bromal -alcohol- 
ates are  derived  from  acetal.  Bleaching  lime  changes  alcohol  to  chlo- 
roform, and  iodine  and  caustic  potash  convert  it  into  iodoform.  Nitric 
acid,  free  from  nitrous  acid,  changes  alcohol  into  ethyl  nitrate  (see 
this).  Under  certain  conditions  alcohol  can  be  so  oxidized  by  nitric 
acid  that,  besides  attacking  the  CH, .  OH  group,  the  methyl-group 
may  be  changed  with  the  resulting  formation  of  glyoxal,  glycoliic 
acid,  glyoxalic  acid,  and  oxalic  acid : 


CHj.OH  CHO  CO,H  CO,H  CO,H 

CH,  CHO  CH.OH  CHO  CO,H 

Ethyl  Alcohol.  Glyoxal.  Glycoliic  Acid.    Glyoxalic  Acid.  Oxalic  Add. 

Fulminating  mercury  (see  this)  is  produced  when  alcohol  acts  upon  mercury  and  an 
excess  of  nitric  acid. 

AUokolatfs  — Sodium  ethylate  is  the  most  important  alcoholate,  as  it  has  been  ap- 
plied in  a  series  of  nucleus-synthetic  reactions.  It  affords  a  means  of  splitting  oiff 
water  and  alcohol.  It  may  be  made  by  dissolving  sodium  in  alcohol,  then  heating  it 
to  200®  C.  in  an  atmosphere  of  hydrogen  to  free  it  from  alcohol.  It  is  a  white,  volu- 
minous powder  (A.  202,294;  B.  22,  loio).  Or  a  calculated  quantity  of  metallic 
sodium  is  added  to  toluene  or  xylene  containing  alcohol,  and  the  whole  heated  with 
a  return  cooler  until  the  sodium  has  entirely  disappeared  (B.  24,  649).  An  excess 
of  water  changes  the  alcoholates  to  alcohol  and  sodium  hydroxide.  The  transposi- 
tion is  very  slight  with  a  small  amount  of  water.  Hence  the  alcoholates  result  on  dis- 
solving KOH  and  NaOH  in  strong  alcohol.  Sodium  peroxide  converts  alcohol  into 
sodium  alcoholate  and  natryl  hydroxide,  NaO .  OH  (B.  27,  2299). 

Calcium  Ethylatty  Ca(OC|H^),,  is  form:^d  by  the  decomposition  of  calcium  carbide 
by  alcohol  (B.  28,  R.  61). 

Aluminium  EthylatCy  Al(OC,H()|,  is  rather  interesting,  in  that  it  volatilizes  with- 
out decomposition  under  much  reduced  pressure. 

Substiiuted  Ethyl  Alcohols  : 

1.  CH,a .  CHjOH  Glycol  Chlorhydrin  (Bromhydrin,  lodhydrin). 

2.  CHCl,.  CH^^  Dichlorethyl  Alcohol,  liquid  with  B.  P  146°  (B.  20,  R.  363). 
^  qn^^MM^^^^  Trichlorethyl  Alcohol,  melts  at  18^;  boils  at  151°  (A.  2ZO,  63). 
4.  ^^^^^  Nitroethyl  Alcohol. 

'  ,  f  SydTA^^oni.. }  A™<'oetHy.  AK^ols. 

taken  up  together  with  ethylene  glycol,  and  6 
I  alcohols  have  been  prepared  by  the  interaction 
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of  zinc  ethide  and  di-  and  trichloracetaldehyde  (p.  114),  while  trichloretbyl  alcohol 
is  fonned  from  urochloralic  add  (see  this).  The  connection  between  the  chlorinated 
ethyl  alcohols  and  their  oxygen  compounds,  whose  chlorides  they  may  be  assumed  to 
be,  is  seen  in  the  following  tabulation : 

Monochlorethyl  Alcohol,  CH,a.CH,OH,  corresponds  to  CH, .  OH .  CH,OH— Glycol. 
Dichlorethyl  Alcohol,  CHCl,.CH,OH,  corresponds  to  CHO .  CH,OH--Glycolyl 

Aldehyde.  • 
Trichloretbyl  Alcohol,CCl, .  CH,OH, corresponds  to  COOH  .  CH,OH-Glycollic  Acid. 

3.  Propyl  Alcohols  IPro^afkf/i],  CjH, .  OH. — ^As  explained  in 
the  introduction  to  the  monohydric  alcohols,  two  isomeric  propyl 
alcohols  are  theoretically  possible:  normal  propyl  alcohol  and  second- 
ary isopropyl  alcohol.  Their  constitution  is  evident  from  their 
methods  of  formation  and  their  transpositions  (p.  1 15). 

Normal  propyl  alcohol^  CH, .  CH, .  CH, .  OH,  boils  at  97.4°;  sp. 
gr.,  0.8044  at  20**. 

Isopropyl  alcohol,  CH, .  CH(OH)— CH„  boils  at  82.7°;  sp.  gr., 
0.7887  at  20®. 

Normal  Propyl  Alcohol  may  be  obtained  from  fusel  oil  (Chan- 
cel, 1853)  by  fractional  distillation.  It  is  an  agreeable-smelling  liquid. 
It  is  miscible  in  every  proportion  with  water,  but  is  insoluble  in  a 
saturated,  cold  calcium  chloride  solution,  and  this  distinguishes  it 
from  ethyl  alcohol.  It  may  be  artificially  prepared  from  propyl  alde- 
hyde and  by  action  of  nascent  hydrogen. 

It  passes  into  propionic  aldehyde  and  prcypionic  acid,  under  the  influence  of  oxi- 
dixin^  agents.  When  heated  with  HjSO^  it  yields  propylene,  which  hydrogen  iodide 
changes  to  isopropyl  iodide.  From  this  isopropyl  alcohol  may  he  prepared  (p.  115). 
The  latter  alcohol  can  also  be  derived  by  reduction  from  acetone,  its  oxidation 
product 

Secondary  or  Isopropyl  Alcohol,  dimethyl  carbinol,  was  pre- 
pared in  1855  by  Berthelot  from  propylene  and  sulphuric  acid  (p.  113), 
and  in  1862  by  Friedel,  from  acetone.  Kolbe  (Z.  Ch.,  1862,  687) 
recognized  in  isopropyl  alcohol  the  first  representative  of  the  class  of 
secondary  alcohols  predicted  by  him  (p.  no). 

CH     CH 
It  may  be  obtained  from  propylene  oxide,        '  *  r  u  ^^>  ^y  reduction,  and  from 

formic  ester  by  the  aid  of  zinc  and  methyl  iodide.  Its  formation  from  normal  propyl- 
amine by  the  action  of  nitrous  acid  is  rather  interesting.  Primary  propyl  alcohol 
andpropylene  are  produced  at  the  same  time. 

The  most  practical  method  of  obtaining  it  is  to  lx>il  the  iodide  with  ten  parts  of 
water  and  freshly  prepared  lead  hydroxide  in  a  vessel  connected  with  a  return  con- 
denser, or  simply  oy  heating  the  iodide  with  twenty  volumes  of  water  to  100°  (A. 
186,  391).  Oxidation  changes  it  to  acetone,  while  chlorine  converts  it  into  tetra- 
chloracetone  (see  this). 

CCl 
Trichlorisopropyl  Alcohol,  pu']>dl  •  OH,  is  produced  in  the  action  of  zinc 

methyl  on  chloral  (p.  115).  It  is  crystalline,  fuses  at  49°,  and  boils  about  155®  (A. 
axo,  78). 

4.  Butyl  Alcohols,  C^H^.OH. — According  to  theory  four  isomerides  are 
poasible  :  2  primAiy,  i  secondary,  and  i  tertiary  (p.  109)  : 
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Na 


1.  Nonnal  Batjl  Alcohol, ,  CH,(CH,),CH,OH 

2.  Isobatyl  Alcohol,     .   .     (CH,),  CH.CH,OH 


3.  Secondsiy  Batyl  Alco- 

hol,    

4.  Tertiary  Butyl  Alcohol, 


VCH,),COH 


1  >«■'• 

1     B.  P. 

Liquid 
•• 

Ii6.8» 
108.4* 

•• 

99* 

*s-  , 

83* 

Sp.  Gr. 


o.So99at20P 
cSoaoatao^ 

0.827  St  o^ 

0.7788  at  30® 


Normal  Butyl  Acohol,  nonnal  propyl  caibinol  [i-Butanol],  fonns  in  the  actioo 
of  sodiam  amalgam  upon  normal  butyl  aldehyde  (Method,  4a,  p.  113).  It  is  fnither 
produced  by  a  peculiar  fermentatioo  of  glycerol,  brought  aboot  in  the  presence  of 
a  schizomycetes  (B.  16,  I438;  SQ.  R.  72). 

Trichlorbutyl  Alcohol,  CH,.CHa.  CO,. Ci I,.  OH,  results  when  zinc  ethyl 
and  butyl  chloral  (p.  1 14)  are  brought  together,  and  is  also  obtained  from  urobutyl- 
cbloralic  acid.     It  fuses  at  62°,  and  boib  under  45  mm.  pressure  at  120^  (A.  213, 

372)- 

Methyl-ethyl  Carbinol,  secondary  butyl  alcohol^  butylene    hydrate,  [2-Biita- 

nol],  is  a  strongly -smelling  liquid.     It  is  obtained  from  normal  buiyl  alcohol  by  its 

transposition  into  butylene, — with  the  splitting-off  of  water, — the  addition  of  hydro- 

gen  iodide,  and  finally  the  saponification  of  the  iodide  (p.  1 15).     The  same  iodide 

is  formed  on  heating  erythrite  with  hydriodic  add.  Heated  to  240^-250^,  it  decomposes 

into  water  and  d- butylene,  CH, .  CH  :  CH  .  CH,. 

The  genetic  relations  existing  between  the  normal  primary  and  secondary  butyl 

alcohols,  as  well  as  between  a-butylcne  and  /^butylene,  are  shown  in  the  following 

arrangement : 


CHjOH 
CH, 
CH, 
CH, 


CH, 

CH, 
CH, 


CH, 
CHI 
CH, 
CH, 


CH, 

CHOH 

CH, 

CH, 


CH, 
CH 

CH, 


Isobutyl  Alcohol,  isopropyl  carhinoi,  butyl  alcohol  of  fermen- 
tation [methyl  2-propanol-i],  occurs  in  seversd  fusel  oils  and  espe- 
cially in  the  spirit  from  potatoes.  It  is  a  liquid  possessing  a  fusel-oil 
odor.  It  may  be  readily  changed  to  isobutylene  (CH,),C  =  CH,, 
from  which,  by  the  addition  of  halogen  hydrides,  derivatives  of  ter- 
tiary butyl  alcohol  are  obtained  (p.  94).  For  the  action  of  chlorine 
upon  isobutyl  alcohol  see  B.  27,  R.  507 ;  29,  R.  992. 

Trimethyl  Carbinol,  tertiary  butyl  alcohol  [Dimethyl  Ethanol],  was  prepared 
by  Butlerow  (1863)  (A.  144,  i)  by  the  actioo  of  acetyl  chloride  npon  sine  methyl 
(p.  114). 

It  was  the  first  representative  of  the  class  of  tertiary  alcohols  predicted  by  Kolbe. 

The  oxidation  of  tertiary  butyl  alcohol  yields  isobutyric  acid  |CH,),  .CH  .  CO,H 

corresponding   to  isobutyl   alcohol.      This  deportment  may  be  explained   by  the 

intermediate  formation  of  isobutylene  fCH,),C  =  CH,,  the  conversion  of  the  latter, 

by  water  absor()tion,  into  isobutyl  alcohol  and  then  oxidation  of  the  latter  (A.  189, 

""*€  isobutylene,  resulting  from  isobutyl  alcohol  and  tertiary  butyl  alcohol,  by 

wal  of  water  can,  by  the  addition  of  CI  OH  and  reduction  of  the  resulting 

,  be  changed  to  isobutyl  alcohol,  and  by  absorption  of  HI  yield  tertiary 

,  which  in  torn  may  be  transformed  into  tertiary  butyl  alcohol  (p.  115). 
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The  boiling  points  of  the  haloid  esters  of  the  butyl  alcohols  will  be  given  with 
the  alkyl  haloids  (p.  140). 

Amyl  Alcohols,  C5H,,  .  OH. — Theoretically,  8  isomerides  are 
possible:  4  primary  alcohols,  3  secondary,  and  i  tertiary.  All  are 
known. 

The  following  table  contains  the  formulas  and  the  boiling  points  of 
the  eight  amyl  alcohols.  The  name  amyl  alcohol  is  derived  from 
&fwXov  =siaLTch,  because  the  first-discovered  amyl  alcohol  was  observed 
in  the  fusel  oil  formed  from  the  brandy  of  potato  starch. 


Name. 

Formula. 

B.  p. 

1.  Normal  Amjl  Alcohol,   .    . 

2.  iBobutyl  Carbinol,     .   .   . 

3.  Active  Amyl  Alcohol,  .   . 

4.  Teitiary  Butyl  Carbinol,  .   . 

5.  Diethyl  Carbinol 

6.  Methyl  n-propyl  Carbinol,    . 

7.  Methyl  Isopropyl  Carbinol, . 

CH,.[CFL],CH,.OH 
(CH,), .  CHCH, .  CH,OH 

ch,.ch:>^«-^«.o« 

(Cri,)^C.CH^H 

ch,.ch,.ch|>^"-^P 
(ch,),.ch'>^"-^" 

137° 

I3«.4** 
128. 7*» 

■ii8.5*»     » 

II2.5«           \ 

8.  Dimethyl  Ethyl  Carbinol, 

chJ!'c^:>-^» 

102.5® 

Three  of  these  eight  alcohob  contain  an  asymmetric  carbon  atom,  indicated  by  a 
star,  hence  each  can  have  three  modifications,  two  optically  active  and  one  optically 
inactive  modification  (p.  46),  which  would  raise  the  possible  number  of  amyl  alcohols 
to  fourteen. 

(i)  Normal  Amyl  Alcohol  is  most  easily  prepared  from  normal  amylamine 
(from  caproic  acid).     It  is  almost  insoluble  in  water,  and  has  a  fusel -oil  odor. 

(2)  Isobutyl  Carbinol,  (CH,),CH .  CH, .  CH, .  OH,  constitutes 
the  chief  ingredient  of  the  amyl  alcohol  of  fermentation  obtained 
from  fusel  oil  (p.  122),  and  occurs  as  esters  of  angelic  and  tiglic  acids 
in  Roman  camomile  oil.  It  may  be  obtained  in  a  pure  condition  by 
synthesis  from  isobutyl  alcohol,  which  it  approaches  in  structure  and 
with  which  it  is  associated  in  fusel  oil : 


ch,oh   CH,I 

CH  >-CH 

A      A 


CH,CN    CH,.CO,H  CH,.CHO  CH, .  CH,OH 
>CH  >-CH   >-CH  >-CH 

A      A       A  .   L  A 


CHgCH,   CHgCH,   CH,  CH,   CH,  CH,    CH,  CH,   CH,  CH, 

The  so-called  alcohol  of  fermentation,  possessing  a  disagreeable 
odor  and  boiling  at  129-132^,  occurs  in  fusel  oil  and  consists  mainly 
of  inactive  isobutyl  carbinol.  In  addition,  methyl-ethyl  carbinol 
(active  amyl  alcohol)  is  present.  It  rotates  the  plane  of  polarization 
to  the  left ;  its  activity  is  due  to  the  presence  of  active  amyl  alcohol. 
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Fermentation  amyl  alcohol,  treated  with  sulphuric  add,  yields  two  amyl  snlphmic 
acids.  The  different  solubilities  and  crystalline  fonns  of  their  banum  salts  distin- 
guish them.  From  the  more  sparingly  soluble  salt,  which  forms  in  rather  large 
quantity,  isobatyl  carbinol  (Pasteur)  may  be  obtained.  A  more  complete  separation 
of  the  alcohols  is  reached  by  conducting  HCl  into  the  mixture.  Isobutyl  carbinol 
will  be  etherified  first,  the  active  amyl  alcohol  remaining  (Le  Bel)  (A.  aao,  149). 
The  first  upon  oxidation  yields  inactive,  and  the  second  active  valeric  add.  When 
the  crude  fermentation  alcohol  is  distilled  with  zinc  chloride,  ordinary  amylene  is  the 
product  This  consists  mainly  of  (CH,),C :  CH .  CH„  resulting  from  a  transposition 
of  isobutyl  carbinol;  it  contains,  besides,  > -amylene  and  a-amylene  (compare  p.  94). 

(3)  Acthre  Amyl  Alcohol,  >CH.  CH,.  OH,  secondary  huiyl  car^tmoi^ 

CJti/ 
methyl-ethyl-carfain-carbinol.    Of  the  two  active  modifications,  the  laevo-rotatory  form, 
not  yet  obtained  pure,  is  the  optically  active  constituent  of  the  fermentation  alcohol.    Its 

?uantity  in  the  fermentation  idcohol  equals  about  1 3  per  cent. ,  and  its  rotatory  power  is 
a]  (f  =  — 5. 2^.  Its  derivatives — e.  g, ,  its  chloride,  bromide,  iodide,  and  methyl-ethyl 
acetic  add  (see  valeric  add) — are  aU  optically  active  and  indeed  dextro-rotatory 
(B.  28,  R.410;  a9,59). 

Active  amyl  alcohol  becomes  inactive  on  boiling  with  NaOH  (Le  Bel).  A  mucor 
will  render  it  again  active,  but  dextro-rotatory  (B.  15,  1506). 

(4)  Tertiary  Butyl  Carbinol,  (CH,), .  C .CH, .  OH,  is  formed  on  redudng  thie 
chloride  of  trimethyl-acetic  add  or  pivalic  add  (B.  24,  R.  $57)  with  sodium  amalgam. 
It  melts  at  4S-50®.  Nitrous  add  converts  its  amine,  in  consequence  of  a  remarkable 
rearrangement  of  atoms,  into  dimethyl-ethyl  carbinol  (B.  24, 2 161). 

(5)  Diethyl  Carbinol,  (CjH,), .  CH  .  OH,  is  formed  by  the  action  of  zinc  and 
ethyl  iodide  upon  ethyl  formate.  Since  ^-isoamylene,  C,H ^ .  CH  :  CH .  CH^,  yields 
C,H, .C,H.CHI.  CH,  with  HI,  from  which  methyl  normal  propyl  caroinol  is 
obtained,  we  can  in  this  manner  convert  the  diethyl  carbinol  into  the  latter  alcohol : 

CH,  CH,  CH,  CH,  CH, 

CH,  CH,  CH  <:hi  CH.OH 

CH.OH  CHI  CH  CH,  CH, 

C,Hj  C,H,  C,H.  C,Hj  CjHj 

|l-Isoamylene. 

The  two  methyl  propyl  carfainols  are  obtained  from  methyl  normal  propyl  ketone 
and  methyl  isopropyl  ketone  by  reduction  with  sodium  amalgam.     ^ 

(6)  if  ethyl  Normal  Propyl  Carbinol,  CH,.CH,.  CH,.  CH.OH.  CH„  is 
made  optically  active  ( Le  Bel)  by  PemciUmm  giamntm.  The  dextro-rotatory  modi- 
fication is  destroyed,  and  the  laevo-rotatory  form  remains. 

(7)  Methyl  Isopropyl  Carbinol,  (CH,\,.CH  .CH(OH).  CH„  yiekls,  appar- 
ently, with  the  intermediate  formation  of  amylene,  when  acted  upon  by  halogen 
hydrides  and  also  FCl^,  the  derivatives  of  tertiary  amyl  alcohol : 

CH,  CH,  CH,  CH, 

CH(OH)       .  /™\        J^^         ^™« 

CH  ^C    ^  Ca  COH 


\ 


''".CH,  CH,CH,  CH,CH,  CH,  CH, 


4erivatives  of  methyl  isopropyl  carbinol  are  obtained  from  a-isoamylene, 
.  CH  :  CH,  (p,  94),  by  the  addition  of  halogen  hydrides  at  ordinary  tern- 
whoi  waimed« 
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(8)  Tertiary  Amyl  Alcohol,  (^^|]«|c.OH,  dinutkyl  eihyi  carHnol,  amy- 

lene  hydrate,  is  a  liqaid  with  an  odor  like  that  of  camphor.  It  produces  sleep,  the 
same  as  chloral  hydrate,  and  is,  therefore,  made  on  a  technical  scale.  Since  ordinary 
amylene  consists  chiefly  of  0-isoamylene  (p.  94),  tertiary  amyl  alcohol  is  most  prac- 
tically prepared  from  the  first  by  shaking  it  at  — 20®  with  sulphuric  acid  diluted  with 
}i-l  volume  of  water  and  boiling  the  solution  with  water  (A.  190,  345). 

It  is  further  formed  by  the  action  of  nitroas  acid  on  the  amine  of  tertiary  butyl  car- 
binol  ( B.  24,  25 19) ,  and  from  propionyl  chloride  and  zinc  methide.  At  200^  it  decom- 
poses into  water  and  ^-isoamylene. 


HIGHER  HOMOLOGUES. OP  THE  LIMIT-ALCOHOLS,  CnHso  +  l.OH. 

There  are  many  representatives  of  the  higher  homologues  of  the 
alcohols  of  this  series.  Fourteen  of  the  seventeen  theoretically  possible 
hexyl  alcohols  and  thirteen  of  the  thirty-eight  theoretically  possible 
heptyl  alcohols  have  been  prepared.  The  higher  we  ascend  i n  the  series, 
the  larger  the  number  of  theoretically  possible  members  and  the  smaller 
the  number  of  those  alcohols  which  are  actually  known.  Only  a  few 
of  them  are  noteworthy  either  from  a  point  of  formation,  structure, 
or  occurrence  in  the  animal  or  vegetable  kingdoms.  In  the  following 
arrangement  will  be  found  chiefly  the  names,  formulas,  melting  points, 
and  boiling  points  of  normal  alcohols : 


Name. 

Formnla. 

M.  P. 

B.  P. 

n-Hexyl  Alcohol, 

Pinacolyl  Alcohol, 

CH,.(CH,)4CH,.OH 
(CH,),CCHOH .  CH, 

+4^ 

157** 
120° 

n- Heptyl  Alcohol, 

Pentamethyl -ethyl  Alcohol,     .    . 

CH.(CH,).CH,OH 
(CH,),C .  C(CH,)aOH 

-fi7« 

175* 

n-Octyl  Alcohol, 

Cetyl  Alcohol  or  Ethal,  .... 
Ceryl  Alcohol  or  Cerotin,    .    .    . 
Melissyl  or  Myricyl  Alcohol,  .    . 

CII, .  (CH,), .  CHjOH 
CHjCCH,),^  .  CH,OH 
C„H„.OH 
CmH„.OH 

+49.5*^ 
790 

85* 

I99» 
340° 

•  • 

•  • 

n-Hezyl  Alcohol  occurs  as  acetic  and  butyric  esters  in  the  oil  of  the  seed  of 
Heradntm  giganteum  (A.  163,  193). 

Pinacolyl  Alcohol  has  a  camphor- like  odor.  It  results  from  the  reduction  of  pina- 
coline  (see  this)  or  tertiary  butyl  methyl  ketone,  (CH,), .  C .  CO .  CH,.  See  B.  a6, 
R.  14,  for  its  transposition  products. 

ii'Hettyl  Alcohol  has  been  prepared  from  oenanthol  (see  this)  by  reduction  and 
from  n-oeptane  (A.  i6z,  278). 

ik'Oclyl  Alcohol,  CjH^^OH,  occurs  as  acetic  ester  in  the  volatile  oil  di HercuUum 
sphoftdylium,  as  butyrid  ester  in  the  oil  of  Pastinaca  sativa,  and  in  the  oil  of  Htrac- 
leum  giganteum  (A.  185,  26). 

Cetyl  Alcohol,  Ci«H„.OH,  Hexadecyl  Alcohol,  formerly 
called  ethaly  is  a  white,  crystalline  mass  fusing  at  49-5°>  ^i^d  distilling 
about  340°.     It  was  prepared  in  18 18  by  Chevreul  from  the  cetyl  ester 
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of  palmitic  acid,  the  chief  ingredient  of  spermaceti,  by  saponification 
with  alcoholic  potash : 

Si.^^>0  -I-  KOH  =  C„H„ .  OH  +  Ci,H„0 .  OK. 
^"»  EthaL  Potassium 

Palmiute. 

It  yields,  when  fused  with  potassium  hydroxide,  palmitic  acid 
(p.  117): 

C„HaCH,OH  +  KOH  =  C|sH„COOK  +  2H,. 

Ceryl  Alcohol,  C,, H^^ .  OH,  cerotm,  as  ceryl  cerotic  ester,  C^H|,0 .  O .  C„Hu, 
constitutes  Chinese  wax.  It  is  obtained  by  melting  the  latter  with  canstic  po^h. 
Ceryl  alcohol  is  a  white,  crystalline  mass,  fusing  at  79^.  It  yields  cerotic  acid  when 
fused  with  potassium  hydroxide. 

if elissyl  Alcohol,  C,oHq .OH,  myricyl  alcohol^  occurs  as  myricyl  palmitate  in 
beeswax.  It  is  isolated  in  the  same  manner  as  the  preceding  compound,  and  melts  at 
85^.  Its  chloride  melts  at  64°,  and  the  iodide  at  69.5°.  Myricyl  iodide  and  metallic 
sodium  gave  Hexacontane^  ^^in>  ^"^  dimyricyl  (p.  84). 


B.    UNSATURATED  ALCOHOLS. 

X.  OLEFINS  ALCOHOLS,  C>Hta-i.OH. 

These  are  derived  from  the  unsaturated  alkylens,  C.H,.,  in  the  same 
manner  as  the  normal  alcohols  are  obtained  from  their  hydrocarbons. 
In  addition  to  the  general  character  of  alcohols,  they  are  also  capable 
of  directly  binding  two  additional  affinities. 

The  chief  representative  of  the  class  is  allyl  alcohol,  CH,  = 
CH .  CHjOH.  When  oxidized  by  potassium  permanganate,  the  double 
linkage  of  the  allyl  alcohols  is  severed,  and  trihydric  alcohols — 
glycerols — result  (B.  21,  3347). 

z.  Vinyl  Alcohol,  vinol^  CH, :  CH .  OH,  separates  as  C,HsO.Hg|Cl,  from  ethyl 
ether  on  the  addition  to  it  of  an  alkaline  mercury  monoxychloride  solution  (Poleck 
and  Thiimmel,  B.  aa,  2863).  It  is  simultaneously  produced  with  hydrogen  peroxide 
when  ether  is  oxidized  with  atmospheric  oxygen.  It  cannot  be  separated  from  its 
mercury  derivative  because  in  all  the  reactions  in  which  it  should  form,  the  isomeric 
acetaldehyde,  CH, .  CHO,  b  produced  (p.  53).  It  seems  to  be  the  uniyersal  rule 
that  the  atomic  grouping  =  C :  CH .  OH,  in  the  act  of  formation,  is  transposed  into 
=  CH.CHO  (^lenmeyer,  Sr.,  B.  13,  309;  14,  320);  however,  there  are  more 
stable  bodies  than  vinyl  alcohol,  in  which  the  groupings  =  C  =  CH  .OH  and 
^  C  =  C(OH)R  (p.  131)  are  present. 

The  haloid  esters  of  vinyl  alcohol  are  to  be  considered  the  monohalogen  substitu- 
tion products  of  ethylene  (p.  105).  Vinyl  ether  and  vinyl  ethyl  ether  are  known 
(p.  136).     The  radical  vinyiis  present  in  neurine,  so  important  physiologically. 

2.  Allyl  Alcohol  [Propenol-j], CjHj .  OH = CH, :  CH .  CH, .  OH.— 

Allyl  compounds  occur  in  the  vegetable  kingdom :  allyl  sulphide  in  oil 

of  garlic,  and  allyl  sulphocyanide,  CjHjN  =  C  =  S,  in  oil  of  mustard. 

It  may  be  prepared  (i)  by  heating  allyl  iodide  to  100^  with  20  parts 

"^r;  (2)  it  is  produced,  also,  when  nascent  hydrogen  acts  upon 

lein,   CH, :CH.COH,  and    (3)  sodium    upon    dichlorhydrin, 

:i .  CHCl .  CH, .  OH  (B.  24,  2670).    (4)  It  is  best  obtained  from 

Tol  by  heating  the  latter  with  formic  or  oxalic  acid  (A.  167,  222). 
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In  this  reaction  the  oxalic  acid  at  first  breaks  down  into  carbon  dioxide  and  formic 
acid,  which  forms  an  ester  with  the  glycerol ;  this  then  decomposes  into  allyl  alco* 
hoi,  carbon  dioxide,  and  water  : 

CH, .  O .  CHO  CH, 

CH.OH  =  CH  4-CO,4-H,0. 

CH, .  OH     .  CH, .  OH 

Allyl  alcohol  is  a  mobile  liquid  with  a  pungent  odor,  boiling  at 
96-97**,  and  having  at  20°  a  specific  gravity  of  0.8540.  It  solidifies 
at  — 50*.     It  is  miscible  with  water,  and  burns  with  a  bright  flame. 

It  yields  acrolein  and  acrylic  acid  when  oxidized  with  silver  oxide, 
and  onXy  formic  acid  (no  acetic)  when  chromic  acid  is  the  oxidizing 
agent.  Glycerol  xesxxXts  when  potassium  permanganate  is  the  oxidant. 
Nascent  hydrogen  is  apparently  without  effect  upon  it,  as  seems  to  be 
indicated  by  its  formation  from  acrolein.  Chlorine  partly  oxidizes  it, 
and  again  adds  itself,  giving  rise  to  acrolein  and  the  dichlorhydrin  of 
glycerol  (B.  24,  2670).  When  heated  to  150°  with  caustic  potash, 
formic  acid,  normal  propyl  alcohol,  and  other  products  are  obtained. 

Allyl  alcohol,  heated  with  mineral  acids,  yields  propionic  aldehyde 
and  methyl  ethyl  acrolein  (B.  20,  R.  699). 

/fallen  Allyl  Alcohols  ha^e  been  obtained  from  a-  and  j3-dichlorpropylene  and 
ff-dibroropropylene. 

a-Chlorallyl  Alcohol,  CH,  =CC1 .  CH,OH,  boils  at  1360. 
iS-Chlorallyl  Alcohol,  CHC1  =  CH  .  CH.OH,  boils  at  I53<». 
a-Bromallyl  Alcohol ,  CH,    =  CBr .  CH,OH ,  boils  at  1 52<». 

Salphoric  add,  acting  npon  a^hlorallyl  alcohol,  produces  acetone-alcohol  (see 
this),  and  with  a-bromallyl  alcohol  yielded  propai^l  alcohol  (see  p.  1 32V  a-Brom* 
allyl  alcohol  may  be  prepared  from  allyl  alcohol  by  a  series  of  reactions,  shown  in  the 
following  diagram : 

CHjOH        CH,Br  CH,Br  CH,Br  CH,OCOCH,        CH,OH 

CH >-CH   >-CHBr   >►  CBr >►  CBr  >►  CBr 

CH,  CH,  CH,Br  CH,  CH,  CH, 

(3)  ^-AUyl  Alcohol^  CH,  =  C(OH) .  CH„  is  only  known  in  its  ether  (p.  136). 
Sodium- ^-ally I  alcokolate  is  produced  by  the  action  of  metallic  sodium  upon  acetone 
(A.  278,  X16),  diluted  with  anhydrous  ether. 

(4)  Crotonyl  Alcohol.  CH^ .  OH  =  CH, .  CH :  CH .  CH. .  OH,  is  obtained  from 
crotonaldehyde,  CH,.  CH  :  CH .  CHO,  by  means  of  nascent  hydrogen.  It  boils  at 
117-120®. 

Higher  Umahtrated  Alcohols  of  the  allyl  series,  having  secondary  and  tertiary  struc- 
ture, arise  in  the  action  of  zinc  and  allyl  iodide  upon  aldehydes  (B.  ay,  2434)  and 
ketones,  p.  114  (B.  17,  R.  316;  A.  185,  151.  175  ;  ig6,  109;  Jr.  pr.  Cb.  [2],  30, 
399),  as  well  as  oy  action  of  zinc  alkyls  upon  unsaturated  aldehydes. 

Dimethyl  Allyl  CarHnol,  CH,  =  CH  .  CH,C(CH,),OH ,  boils  at  I19.5®.  Diethyl 
ailyl  carbinol  boils  at  I56<».     Methyl projyl  allyl  carbinol  boils  at  159-160®. 
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IXSATlTOiTED  ALCOHOLS.  C:jI^.,.OH, 

A^  j^^  CftfMTiing  a  pair  of  irebSr  Inked  chIms  itoHBu  mad  mi-^kmlf  whidi  oon- 
t«o  paiis  of  dosUj  iiaked  cavboa  aeaa&.  fVapH^I  ■Vii^ni  is  tihe  ooly  well- 
ka^n  mtrmhrr  of  tke  mcetyieme  aenn^  wkutja  laii— fc  iVinfcniT,  dcfired  from 
jK«/ajao,  have  aot  obIt  beei  STocketic&JT  prexaved.  b«  kavr  aba  bea 


Prwpmwgxl  AkwJU:  [Prwpimwl  i\  C^«0  =  CH  i  C .  CH,OH.— TVis  alcohol  was 
olnainrd  by  Hovy  ia  1872  (R.  s,  569 ;  t,  589.  apoa  tirifa^  a-teoBallyl  alo^iol 


IhtMiaigyl  alcohol  is  a  ao^ile.  asieeafale-sBdiiaf  Bq^d,  wiik  a  sfndlic  graTity  at 
^010.071^     ItboiUat  I14-IIS^ 


Like  acetjknc,  k  fionv  an  explosiTe  silver  caapoaad,  C^H^OH)Ag,  white  in 
color.     The  copper  sak,  (C^ll/>H^Ca,  is  a  yeliov 


3.  DIOLATINB  AIXOHOLft. 

Higher  alcohols,  ia  which  the  doable  aaioa  of  cartioe  aftoan  ocean  twice,  ai«  syn- 
thrtically  prodaoed  by  the  acdaa  of  nac  aad  allyl  iodide  apoa  ethos  of  formic  acid 
aad  CTca  of  acetic  aad  (A.  xgy,  70).  Dioleliae  aJcohols,  which  can  be  transposed 
into  teipcnes,  are  of  great  theofctkal  iaieiest.  Soch  are  gciaaiol  or  ihodinol  and 
linalnol     They  will  Ik  diseased  nader  the  tcfpeaogca  gioi|k. 


ALCOHOL  DBRIVATIVBa. 

I.  SIMPLE  AND  MIXED  ETHERS. 

Ethers  are  the  oxides  of  the  alcohol  radicals.  If  the  alcohols  are 
compared  with  basic  hydrates,  then  the  ethers  are  analogous  to  the 
metallic  oxides.  They  may  be  considered  also  as  anhydrides  of  the 
alcohols,  formed  by  the  elimination  of  water  from  two  molecules  of 
alcohol : 

§S!:8S-H.o=^>o. 

Ethers  containing  two  similar  alcohol  radicals  are  termed  simpU 
ethers;  those  with  different  radicals,  mixed  ethers  : 

Ethyl  Ether«  or  Methyl-ethyl 

Diethyl  Ether.  Ether. 

The  metamerism  of  ethers  among  themselves  is  dependent  upon  the 
homology  of  the  alcohol  radicals,  held  together  by  oxygen  (p.  41). 

We  must  make  a  distinction  between  the  above  and  the  so-called 
CO— —4  ethers  or  esters,  in  which  both  an  alcohol  radical  and  an 

re  present — e.  g, : 

)    Ethyl  Acetic  Eflcr ;    and  ^^»>0    Ethyl  Nitric  Ester. 


\ 
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The  properties  of  these  are  entirely  different  from  those  of  the  alco- 
hol ethers.     In  the  following  pages  they  will  always  be  termed  esters. 

The  following  are  the  most  important  methods  of  preparing 
ethers : 

1.  Their  most  important  method  of  formation  consists  of  the  inter- 
action of  sulphuric  acid  and  alcohols.  Alkyl  sulphuric  acids  result  at 
first,  but  on  further  heating  with  alcohols  these  are  rearranged  into 
ethers.  This  procedure  affords  a  means  of  obtaining  both  simple 
and  mixed  ethers  (Williamson,  Chancel) : 

Ethyl  Sulphuric  Dkthyl 

Acid.  Ether. 

Methyl  Sulphuric  Methyl-ethyl 

Acid.  Ether. 

When  a  mixture  of  two  alcohols  is  permitted  to  act  upon  sulphuric  acid,  three  ethers 
are  simultaneously  formed ;  two  are  simple  and  one  is  a  mixed  ether.  Other  polybasic 
acids,  like  phosphoric,  arsenic,  and  boric,  behave  like  sulphuric  acid.  This  is  also 
true  of  hydrochloric  acid  at  170^,  and  sulpho-acids — e,  g.,  benzene  sulphonic  acid,  at 
145^  (F.  Krafft,  B.  a6,  2829).  In  thb  reaction  ethyl  l^nzene  sulphonic  ester  is  pro- 
duced and  breaks  down  in  the  sense  of  the  equations : 

C,H.SO,H  +  C,H.OH  =  C-H.SOjCH.  +  H,0. 
C,H,SO,C,H,  4-  C^HfiVL  =  cf,UjSO,ri  +  (C^H,)fi. 

2.  The  action  of  the  alkylogens  upon  the  sodium  alcoholates  in 
alcoholic  solution.     Mixed  ethers  are  also  formed  here : 

CjHj .  ONa  +  CjHjQ  =  c'h*>^  +  ^*^' 
C^Hj.  ONa  +.C,H,a  =  &h*>0  +  NaQ. 
Consult  B.  aa,  R.  381,  637,  upon  the  speed  of  these  reactions. 

3.  Action  of  the  alkylogens  upon  metallic  oxides,  especially  silver 
oxide : 

2C,H,I  +  Ag,0  =  (CjHj),©  +  2AgI. 

The  constitution  of  ethers  is  indicated  in  this  reaction. 

Properties. — Ethers  are  neutral,  volatile  (hence  the  name  al^-^p^ 
air)  bodies,  nearly  insoluble  in  water.  The  lowest  members  are  gases  ; 
the  next  higher  are  liquids,  and  the  highest — e,  g.^  cetyl  ether — are 
solids.  Their  boiling  points  are  very  much  lower  than  those  of  the 
corresponding  alcohols  (A.  243,  i). 

Transpositions. — Chemically,  ethers  are  very  indifferent,  because  all  the  hydrogen 
is  attached  to  carbon. 

i)  When  oxidized  they  yield  the  same  products  as  their  alcohols. 

[2)  They  jrield  ethereal  salts  when  heated  with  concentrated  sulphuric  acid. 

[3)  Fbosphoras  chloride  converts  them  into  alkyl  chlorides : 

^J^»>o  -f  PCI4  =  CjHjQ  +  cHjCi  +  poa,. 
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(4)  The  same  occars  when  they  are  heated  with  the  haloid  acids,  especially  with  HI: 

^H»>0  +  2HI  =  CjHjI  +  CH,I  4-  H,0. 

When  acted  upon  by  HI  in  the  cold,  they  decompose  into  alcohol  and  an  iodide. 
With  mixed  ethers  it  is  the  iodide  of  the  lower  radical  that  is  invariably  produced 
(B.  9,  852  ;   a6,  R.  718). 

Qh'>^  +  hi  =  CH,I  -f  CjHj.  OH. 

(5)  Many  ethers,  especially  those  with  secondary  and  tertiary  alkyls  and  those  with 
unsaturated  alkyls  (allyl),  break  up  into  alcohols  (B.  10,  1903)  when  heated  with 
water  or  dilute  sulphuric  acid  to  150®. 

A.  ETHERS  OP  THE  SATURATED  OR  PARAFFIN  ALCOHOLS. 

Methyl  Ether,  (Cn3),0,  is  prepared  by  heating  methyl  alcohol  with  sulphuric 
acid  (B.  7,  699).  It  is  an  agreeable-smelling  gas,  which  may  be  condensed  to  a 
liquid  at  about  — 23®.  Water  dissolves  37  volumes  and  sulphuric  acid  upward  of 
600  volumes  of  the  gas. 

Chlorine  converts  ether  into  chlormethyl  ether,  s-dichlormethyl  ether,  and  pei- 
chlormethyl  ether,  which  decomposes  on  boiling.  The  first  two  are  formaldehyde 
derivatives,  and,  toi^ether  with  the  corresponding  brom-  and  iodo-coropounds,  will  be 
treated  after  formaldehyde. 

Ethyl  Ether  or  Ether,  (C,H5),0,  is  by  far  the  most  important 
representative  of  this  class  of  compounds.  It  has  been  known  for  a 
long  time. 

History. — Ethyl  ether  and  its  production  from  alcohol  and  sulphuric  acid  were 
known  in  the  sixteenth  century.  They  were  described  by  Valerius  Cordus^  a  Gennan 
physician.  Until  the  beginning  of  the  present  century  ether  was  regarded  as  a 
sulphur-containing  body ;  hence,  to  distinguish  it  from  other  ethereal  compounds,  it 
was  called  sulphur-ether.  The  ether  process,  in  which  a  comparatively  small  quantity 
of  sulphuric  acid  was  capable  of  converting  a  large  quantity  of  alcohol  into  ether, 
was  included  in  the  category  of  catalytic  reactions.  The  explanation  of  this  process 
constitutes  one  of  the  most  brilliant  advances  in  organic  chemistry. 

In  1842,  Gerhardt,  from  purely  theoretical  reasons  and  in  opposition  to  Liebig, 
concluded  that  the  ether  molecule  did  not  contain  the  same  number  of  carbon  atoms 
as  were  present  in  the  alcohol  molecule,  but  exactly  twice  that  number.  He  was 
unable  to  gain  general  acceptance  for  this  view.  Williamson,  in  1850,  by  a  new 
synthesis  of  ether,  proved  the  correctness  of  Gerhardt's  conception,  not  only  for  it,  but 
for  ethers  in  general.  His  method  was  the  transposition  taking  place  l)etween  sodium 
(thylate  and  ethyl  iodide  (p.  133)-  The  formation  bf  ether  from  alcohol  and 
sulphuric  acid  Williamson  explained  by  a  continuous  breaking-down  and  re-formation 
of  ethyl  sulphuric  acid,  made  possible  by  the  contact  of  alcohol  with  the  acid  at  140^ 

iA    77.  37;  8X.73)- 

Chancel ,  who  preceded  Williamson  in  publication ,  had  made  ether  independently 

of  the  latter,  by  heating  a  mixture  of  potassium  ethyl  sulphate  and  potassium  ethylate: 

so.{^"»  +  o  {^»»  =  so.  {1^  +  o  {§«.. 

The  objection  that  ether,  because  of  its  low  boiling  temperature,  could  not  contain 
the  double  number  of  carbon  atoms  in  its  molecule,  Chancel  removed  by  citing  the 
boiling  point  of  ethyl  acetic  ester  (Compt.  rend,  par  Laurent  et  Gerhardt  (1850), 
6,  369). 
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Ethyl  Alcohol,  .    .    .  C,H.OH,    ....  boils  at    78®. 

Ether (C,H.),0,   ....  boils  at    35*». 

Acetic  Acid,  .    .    .    .  CHjCO,H,     .    .    .  boils  at  il8». 
Ethyl  Acetic  Ester,  .  CH, .  CO, .  CjHj,  .  boils  at    77®. 

Thus  was  proTed  that  ethyl  alcohol  and  ether  were  bodies  belonging  to  the  water 
type  (p.  35) — I.  ^.,  they  might  be  regarded  as  water  in  which  one  and  two  hydrogen 
atonxs  were  replaced  by  ethyl : 


hY     "^^1°     §":}«• 


Preparation, — Ether  is  made  (i)  from  ethyl  alcohol  and  sulphuric 
acid  heated  to  140**.  The  process  is  continuous.  (2)  From  benzene 
sulphonic  acid  and  alcohol  at  135-145°  (B.  26,  2829). 

The  advantage  in  the  second  method  is  that  the  ether  is  not  contaminated  with 
sulphur  dioxide,  which  in  the  first  method  is  removed  from  the  crude  product  by 
washing  with  a  soda  solution.  Anhydrous  ether  may  be  obtained  by  distilling 
ordinary  ether  over  burnt  lime,  and  drying  it  finally  with  sodium  wire  (see  aceto- 
acetic  ester)  until  there  is  no  further  evolution  of  hydrogen. 

Test  for  IVater  and  Alcohol. — ^When  ether  containing  water  is  shaken  with  an 
equal  volume  of  CS,,  a  turbidity  results.  When  alcohol  is  present,  the  ether,  on 
shaking  with  aniline  violet,  is  colored.  Anhydrous  ether  does  ndt  acquire  a  color 
when  similarly  treated. 

Properties. — Ethyl  ether  is  a  mobile  liquid  with  peculiar  odor,  and 
specific  gravity  at  o?  of  o.  736.  When  anhydrous,  it  does  not  congeal 
at  — So**.  It  boils  at  35®  and  evaporates  very  rapidly  even  at  medium 
temperatures.  It  dissolves  in  10  parts  of  water  and  is  miscible  with 
alcohol.  Nearly  all  the  carbon  compounds  insoluble  in  water,  such  as 
the  fats  and  resins,  are  soluble  in  ether.  It  is  extremely  inflammable, 
burning  with  a  luminous  flame.  Its  vapor  forms  a  very  explosive 
mixture  with  air.  When  inhaled,  ether  vapor  brings  about  uncon- 
sciousness, a  property  discovered  in  1842  by  Charles  Jackson,  of 
Boston,  hence  its  use  in  surgical  operations.*  Hoffmann's  Anodyne 
(so  named  after^  the  great  Halle  clinician,  who  died  in  1742)  is  a 
mixture  of  3  parts  alcohol  and  i  part  ether. 

Ether  unites  with  bromine  to  form  peculiar,  crystalline  addition  products,  some- 
what like  bromine  hydrate ;  it  combines,  too,  with  water  and  metallic  salts. 

Transpositions. — For  the  action  of  air  on  ether  see  vinyl  alcohol  (p.  130).  Hy- 
drogen peroxide  is  produced  when  oxygen  acts  on  moist  ether  (B.  29,  R.  840). 
When  heated  with  water  and  sulphuric  acid  to  180^,  ethyl  alcohol  results.  When 
ozone  is  conducted  into  anhydrous  ether,  an  explosive  peroxide  is  formed. 

Chlorine,  acting  upon  cooled  ether,  produces  (A.  279,  301) : 

MonccMar-ethery  CH, .  CHCl .  O  .  C,H.,  boiling  at  98<». 
X.  2'Dicklor-etlur,  CH,a .  CHQ .  O .  CjHj,  boiling  at  I45<>. 
Triehlor-etheTy  CHCl, .  CHCl .  O .  d,H„    boiling  at  I02«  (100  mm.). 

PerchloretheTy  (C,Cl5),0.  melting  at    68<».    It  breaks  down 

on  distillation  into  C,C],  and  trichlor-acetyl  chloride,  CjCljO .  CI. 

2-C1-,  Br-,  \-ethyl  ethers  are  the  ethers  of  glycol-,  chlor-,  brom-,  and  iodhydrins — 
e.  g.y  CH,a .  CH, .  O .  CjHj. 


*  Der  Aether  gegen  den  Schmerz,  von  Binz  in  Bonn,  1896. 
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%.puhhr-ttJur,  CH,.  CHO.  O.  CHQ.CH,,  boiling  at  Il6^,  b  prodded  by  tbe 
A^timi  tA  br'ifocWonc  aod  npoa  aASebrde. 

1  be  ^/I'oving  ubie  cooutos  tbe  iDelnng  and  boiling  points  of  tbe  better  known 
MOifile  and  vUed  etbcn : 

BJhyl  mitkyi  ether  both  at  1 1°  ;  upr9pyl-metkyl  ether  boOs  at  50P ;  ^prcpyl  ether 
boils  at  ^/^ ;  itopropyl  ether  boils  at  60-62® ;  isoamyl  ether  boils  at  176^ ;.  Cetyl 
ethir,  (CmH,},0,  mells  at  55®  and  boiU  at  yjtfi, 

B.  ETHERS  OP  UNSATURATED  ALCOHOLS. 

It  was  explained,  when  discos&ing  the  nnsatarated  akohols  (p.  150),  that  the 
tinhrn  of  that  scries  in  which  by<lroxyl  was  combined  with  a  doubly  linked  carbon 
atom  readily  rearranged  then)»elvcs  into  aldehydes  or  ketones,  and  were  only  known 
in  their  derivatives,  ei»peciaHy  as  ethers.     Thus : 

I.    Vinyl  ether ^  (CH,  =  CIl )/),  boils  at  39®,  and  may  be  obtained  from  vinyl 


ethylate.  4.  Isopropenylethyl ether^  ( ;i I,(.'(( x:^ j L)  ~  CH„  formed  from propenyl bro- 
mide and  alcoholic  potaHh,  or  from  rthoxyrnitunic  acid  (H.  29,  icx>5),  boils  at  62-63®. 
Ethers  of  allyl  alcohol  and  propnrgyl  olcohol  are  known:  Allyl ether^  (^H,= 
CH.CH,),0,  boils  at  85®;  propaf^yl  tthyl  ether,  CH  =  C  .CH,.  O  .CH,.CH„ 
boils  at  80^.     See  clhyl  proplolit  cfclrr. 

2.  KSTKRS  OF  THK  MINKRAL  ACIDS. 

If  we  com|)arc  the  alcohols  with  the  metallic  basest  the  esters  or 
compound  ethers  (p.  13a)  are  |)crfectly  analogous  in  constitution  to 
the  salts.  Just  as  salts  result  from  the  union  of  metallic  hydroxides 
with  acids,  so  esters  are  formed  by  the  combination  of  alcohols  with 
acids.     Water  a))|>cars  as  a  side-product  in  both  reactions: 

NaOH   \  Hn  NaClH-n^O. 

c,n»t>H  -I  nil  .-r^H^cH  h,o. 

The  haloid  esters  correspond  to  the  haloid  salts ;  they  may  also  be 
regarded  as  monohalogcn  substitution  products  of  the  hydrocarbons 
(p.  loi).  Cor rcs|x>n ding  to  the  oxygen  salts  are  the  esters  of  other 
acids,  which,  therefore,  may  l>e  viewed  as  derivatives  of  the  alcohols, 
in  which  the  aUoM-hyJroi^fn  has  lH>en  replaced  by  acid  radicals,  or  as 
derivatives  of  the  acids,  in  which  the  h\droi;en  replaceable  by  metals 
)us  been  siih>tiiuieii  by  alcohol  radicals.  The  haloid  esters  would  be 
incl-ied  in  the  last  definition  of  esters.  The  ^-arious  definitions  of 
esters  as  cer:va::\-es  of  the  acids,  and  a^ain  as  derivatives  of  the  alco- 
hols- £-C  arression  in  the  ditTerent  de:iignations  of  the  esters: 

C.H, .  O .  NO,        or        Ni\ .  (^ .  C\Hj, 
E:.':\.  N;:!:*!*.  N'.ltSv  Fih\:  Ester. 


»« 


/,  ,.-.^  c  a.t  ds  al*.  the  hxdrv^cen  atv^r.is  cm  l»e  replaced  by  alco- 

rsi_:  r.c  :r.  :he  r-vXiuc;:.  r.  o?"  nt^Tf-jJ esters.     When  alco- 

•^  jzr.z  xi  ..ciev:  f:r  al'.  v ;'  the  h\viroven  atoms  mA'iJ  esUn 

rj:iis«t  i-   1  :•  K^^ess  t^e  ac  vi  character.     They  form  sadts, 

MKZ,  rrtr^  aizzs,  and  co rresix^Rd  to  acid  salts: 
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Neutral  PoUssium  Sulphate.  Acid  Potassium  Sulphate. 

Sulphuric  Ethyl  Ester.  Ethyl  Sulphuric  Acid. 

Dibasic  acids  form  two  series  of  salts,  and  also  of  esters,  while  with 
tribasic  acids  there  are  three  series  of  salts  and  of  esters. 

In  the  case  of  the  polyhydric  alcohols  there  are,  besides  the  neatral  esters,  also 
basic  esters f  corresponding  to  the  basic  salts,  in  which  not  all  of  the  hydrozyl  groups 
participated  in  the  esterification. 

Formation  of  Esters. — (i)  The  esters  can  be  prepared  by  allowing 
alcohols  and  acids  to  act  directly ;  water  is  also  produced : 

CjHg  .  OH  -f  NO,  .  OH  =  C,H, .  O .  NO,  4-  H,0. 

This  transposition,  however,  only  takes  place  gradually,  progressing  with  time  ;  it 
is  accelerated  by  heat,  but  is  never  complete.  We  always  find  alcohols  and  acids 
together  with  the  esters,  and  they  do  not  react  any  further  upon  each  other.  If  the 
ester  be  removed — e,  g. ,  by  distillation — ^from  the  mixture,  as  it  is  formed,  an  almost 
perfect  reaction  may  be  attained. 

When  acted  upon  by  alcohols,  the  polybasic  acids  mostly  yield  the 
primary  esters  or  ether-acids. 

There  are  two  synthetic  methods  of  producing  the  esters  which 
favor  the  views  of  considering  them  derivatives  of  alcohols  or  acids. 
These  are : 

(2)  By  reacting  on  the  acids  (their  silver  or  alkali  salts)  with 
alkylogens : 

NO,.  O .  Ag  +  Cfi.^  =  NO,  .0 .  CjHg  +  Agl. 

(3)  By  acting  upon  the  alcohols  or  metallic  alcoholates  with  acid 
chlorides : 

2c:,H5 .  OH  +  so.ci,  =  SO,  <  Q  •  ^|J»  4- 2Ha. 

SCjHj.OH-h     BCl,  =  B(0 .  Qh's)/    V3HCI. 

Properties, — ^The  neutral  esters  are  insoluble,  or  soluble  with  diffi- 
culty in  water,  and  almost  all  are  volatile ;  therefore  the  determination 
of  their  vapor  density  is  a  convenient  means  of  establishing  the  molec- 
ular magnitude  and  also  the  basicity  of  the  acids.  The  ether-acids  are 
not  volatile,  but  are  soluble  in  water  and  yield  salts  with  the  bases. 

All  esters,  and  especially  the  ether-acids,  are  decomposed  into  alco- 
hols and  acids  (p.  112)  when  heated  with  water.  Sodium  and  potas- 
sium hydroxides,  in  aqueous  or  alkaline  solution,  accomplish  this  with 
great  readiness  when  aided  by  heat.  The  process  is  termed  saponifica- 
tion^ because  the  soaps — /.  ^.,  the  potassium  and  sodium  salts  of  the 
higher  fatty  acids  (see  these) — are  obtained  by  this  reaction  from  the 
fats,  the  glycerol  esters : 

NO, .  O .  C,Hj  4-  KOH  =  CjHjOH  +  NO,OK. 
12 
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A.  I.  ALKYL  ESTERS  OP  THE   HALOID  ACIDS,  HALOID  ESTERS  OP  THE 

SATURATED  ALCOHOLS,  ALKYLOQENS. 

It  was  pointed  out  under  the  halogen  substitution  products  of  the 
paraffins  and  the  unsaturated  acyclic  hydrocarbons  that  ihtmonohalogen 
substitution  products,  or  aikyiogens,  were  largely  prepared  from  the 
alcohols  as  starting-out  substances.  This  intimate  connection  with  the 
alcohols  is  the  reason  for  the  assumption  of  the  alkylogens  as  esters  of 
the  haloid  acids.  As  haloid  esters  of  the  alcohols  they  arrange  them- 
selves with  the  alkyl  esters  of  the  inorganic  oxygen  acids. 

The  view  that  the  halogen  derivatives  CnHtn  4.  iX  are  paraffin  sabstitatkm  prod- 
ucts is  expressed  in  the  names  monochlor-methane,  monochlor- ethane,  etc.,  while  the 
designation  methyl  chloride,  ethyl  chloride,  etc.,  preferred  for  the  monohalogen  sub- 
stitution derivatives  of  methane  and  ethane,  mark  these  substances  as  haloid  esters  of 
the  alcohols,  corresponding  to  the  metallic  halides. 

Formation  of  Alkylogefis. — (i)  By  the  substitution  of  the  paraffins.  The  conditions 
favoring  the  substitution  of  the  hydrogen  atoms  of  the  paraffins  by  halogen  atoms 
have  been  mentioned  under  the  general  methods  for  the  preparation  of  halogen  sub- 
stitution products.  The  substitution  reaction  is  not  well  adapted  for  the  preparation 
of  alkylogens,  because  mixtures  of  compounds  are  invariably  produced.  In  the 
higher  meml>ers  of  the  series  isomerides  are  formed.  This  is  because  the  chlorine 
enters  for  the  hydrogen  both  of  terminal  and  intermediate  carbon  atoms.  Thus  nor- 
mal pentane,  CII,  CH,.  CH, .  CH, .  CH„  yields  CH, .  CH, .  CH, .  CH, .  CHJCl  and 
Cil, .  CH, .  CH, .  CHCl .  CH3,  and  such  mixtures  are  separated  with  great  difficulty. 

(2)  By  the  addition  of  haloid  acids  to  the  defines.  In  this  addition,  whidi  occurs 
with  especial  ease  with  hydrogen  iodide,  it  is  interesting  to  note  that  the  halogen 
atom  attaches  itself  to  the  carbon  atom  carrying  the  least  amount  of  hydrogen  (p.  93)  : 

HI 
CII,  .  CH  =  CH, >-  CH, .  CHI .  CH, 

^J^8>C  =  CH, >  CH  ^^^  •  ^"»' 

(3)  From  alcohols  (a)  by  the  action  of  haloid  acids.  This  reaction 
does  not  readily  complete  itself  unless  the  halogen  hydride  is  used  in 
great  excess,  or  the  water  formed  at  the  same  time  with  the  alkylogen 
is  absorbed.  Hence  in  the  case  of  methyl  and  ethyl  alcohol  an  addi- 
tion of  zinc  chloride  or  sulphuric  acid  is  advantageous  (see  mono-chlor- 
methane,  p.  141). 

This  addition  is  a  disadvantage  with  the  higher  alcohols,  because 
then  olefines  are  first  produced,  and  to  these  the  halogen  hydride  adds 
itself  in  such  a  manner  that  an  isomeride  of  the  desired  alkylogen  is 
obtained  (p.  92).  It  may  also  be  remarked  that  in  the  presence  of 
an  excess  of  hydriodic  acid  the  iodides  are  often  reduced.  Hence 
alkyl  iodides  can  be  prepared  from  polyhydric  alcohols  (compare 
isopropyl  iodide,  p.  142): 

C,H,(OH),-f  3HI  =  C,HJ  +  I,4-2H,0. 
C3H5(OH),+  5111  =  C,H,  +2l,-h3H,0. 
C,H,(OH),-i-  7HI  =  C,H,I  +31,4- 4H,0. 
C,H,(OH),  -f  IIHI  =  CeHi,I  -f  5I,  +  6H,0. 

(b)  By  the  action  of  phosphorus  halides.     If,   for  example,  ethyl 
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alcohol  be  treated  with  PC1„  PBr„  or  PI„  two  possibilities  arise :  either 
an  halogen  hydride  and  ethyl  phosphorous  ether  are  produced,  or  an 
ethyl  haloid  and  phosphorous  acid.  The  latter  reaction  occurs  when 
FBr,  and  PI,  are  used,  and  this  method  is  adopted  almost  exclusively 
in  the  preparation  of  the  alkyl  bromides  and  iodides  (see  ethyl 
bromide  and  ethyl  iodide)  : 

PBr,  4-  3C,HjOH  =  3C,H,Br  -f  PO,H, 
PI,  4- 3C,H,0H  =  3C,HjI    +PO,H,. 

(BI,  acts  analogously  upon  ethyl  alcohol,  B.  04,  R.  387).  The 
formation  of  esters  of  phosphorous  acid  by  the  use  of  PBr,  and  PI, 
is  far  from  satisfactory.  PC1„  on  the  other  hand,  yields  phosphorous 
esters  and  hydrochloric  acid  almost  entirely  according  to  the  equation  : 

rci,  +  sC^HfiH  =  P(0 .  C,H,),  +  3HCI. 

The  chlorides  are  readily  formed  if  PClj  be  substituted  for  PCI, : 

pa,  4-  CjHjOH  =  CjHjQ  +  HCl  +  POCl,. 

(4)  ^r^m  alkyl'haloids  or  aiiyl  sulphuric  acids  and  metallic  halides. 
(m)  Bromides  and  iodides  cmn  be  transformed  into  chlorides  by  heating  them  with 
HgCl,: 

2C,H^I  +  HgCl,  =  2C,H,a  -h  Hgl,. 

(b)  When  chlorides  are  heated  with  AlBr,  or  All,  or  Cal,  they  become  bromides 
or  iodides  (B.  14,  1709 ;  16,  392  ;  19,  R.  166) : 

ZQjAfX  +  AlBr,  =  zCJAfix  +  AIQ,. 

(c)  Methyl  and  ethyl  iodides  yield  with  AgFl  the  gaseous  compounds  methyl 
Jlwnidfj  CH,F1,  and  ethyl  fluoride  ^  C,H^FI,  which  have  an  agreeable,  ethereal  odor, 
and  do  not  attack  glass  (B.  aa,  K.  267). 

(d)  On  distilling  ethyl  sulphuric  acid  and  potassium  bromide,  ethyl  bromide  is 
produced. 

Isomerism, — Propane  is  the  first  hydrocarbon  yielding  isomerides 
(p.  43).  The  isomerism  depends  on  the  varying  position  of  the 
hydrogen  atoms  in  the  same  carbon  chain,  and  from  butane  forward  it 
depends  on  the  different  linkage  of  the  carbon  atoms  forming  the 
carbon  skeleton  (see  table,  p.  140). 

Properties  and  Transpositions, — The  alkylogens  are  ethereal,  agree- 
able, sweet-smelling  liquids.  They  are  scarcely  soluble  in  water,  but 
dissolve  with  ease  in  alcohol  and  ether.  They  are  gases  at  the  ordi- 
nary temperature — e,  g, ,  methyl  chloride,  ethyl  chloride,  and  methyl 
bromide.  The  chlorides  boil  28^-20^  lower  than  the  bromides,  and 
the  latter  from  34°-28*'  lower  than  the  corresponding  iodides  (p.  140). 
The  differences  grow  less  with  increasing  molecular  weight.  As  in 
the  case  of  the  hydrocarbons,  so  here  it  may  l)e  said  that  where 
isomerides  exist,  the  normal  members  have  the  highest  boiling  points. 
The  more  branched  the  carbon  chain,  the  lower  will  the  boiling  point 
lie. 

As  haloid  esters  of  the  alcohols,  the  alkylogens  may  be  compared  with 
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the  metallic  halides,  although  the  halogens  are  less  readily  transposed 
by  silver  nitrate.  The  iodides  are  the  most  reactive.  However, 
the  alkylogens  are  excellently  adapted  to  bring  about  the  replacement 
of  metals,  and  thus  unite  atoms  previously  in  union  with  metals,  to 
alcohol  radicals.  Particularly  interesting  is  the  transposition  occa- 
sioned by  the  alkaline  cyanides  (see  nitriles),  and  the  sodium  deriva- 
tives of  aceto-acetic  ester  (see  this)  and  malonic  ester  (see  this). 
Both  are  synthetic  reactions  of  the  first  importance  (p.  8i).  The 
alkylogens  play  a  prominent  part  in  the  nucleus-syntheses  of  the 
paraffins  (see  ethane,  p.  82).  They  constitute  the  transition  from 
the  paraffins  and  olefines  to  the  alcohols  (see  these),  into  which  they 
are  converted  by  moist  silver  oxide. 

The  methods  for  the  transposition  of  alcohols  into  ethers,  into 
mercaptans,  into  alkyl  sulphides  (sulphur  ethers)  and  compound 
mineral  ethers  or  esters,  are  based  upon  the  reactivity  of  the  halogen 
atoms  in  the  alkylogens.  This  is  also  the  case  with  the  methods 
employed  in  the  preparation  of  metal  alky  Is. 

Among  the  numerous  reactions  of  the  alkylogens,  mention  may  here 
be  made  of  their  power  to  unite  with  ammonia  and  ammonium  bases. 
By  this  means  the  primary,  secondary,  and  tertiary  amines,  as  well  as 
the  tetra  alkyl  ammonium  halides,  were  obtained. 

The  following  table  contains  the  boiling  points  of  some  of  the 
alkylogens  at  the  ordinary  pressure : 


Name  and  Fonnula  of  Radical. 


Methyl-, 
Ethyl-, 


CH,_ 

Grig  .  v.rij 


Norm.  Propyl-, 
Isopropyl-,  .    . 


Cxxg  .  Crlg  *  Crl. 
{CH,),CH_ 


Nonn.  Butyl-, 
Isobutyl-,    . 

Sec.  Butyl-, 

Tert.  Butyl-, 


CHj .  CH| .  CH. .  CH^ 
(CH,), .  CH .  CH^_ 

qH:>CH_ 

(gH.).C_ 


Norm.  Aroyl-, 

Isoamyl-      

Diethyl  Methyl-,    .... 

Methyl-nonxL-propyl  Methyl 
Methyl-isopropyl-methyl- , 
Dimethyl-ethyl-methyl-, 


.CH,.(CH,)3CH^ 

.  (CH,),CH .  CH, .  CH,_ 

.  (C,H,),CH_ 

'  CH, .  CH, .  ChJ>^^^ 

•  (CH,),Ch'>^^^ 


Norm.  Hcxyl-, 
Norm.  Heptyl-, 
Norm.  Octyl-, 


CHj. 
CH,. 
CH,. 


CH, 

'CH 

'CH, 


i,ft 


4CH, 
CHj 
,.CH, 


Chloride. 

Bromide. 

-44" 

+12.  s' 

+4.5*' 
380 

44" 
365° 

710 
59.5** 

77- S" 
68.5" 

100.40 
92« 

... 
515** 

•        •        • 

720 

io6» 

129® 

1 00® 

I20'> 

104** 

... 
113'*' 

910 

IIS*' 

86«> 

100® 

1590 
.  180° 

178° 
1990 

Iodide. 

43*^ 
720 

I02*» 

I29.6O 
I20<* 

120® 

I03.3* 

1550 
I4«« 
I45« 

1440 

138* 
127* 

1790 
203** 
2250 
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Monochlor methane,  CH,C1,  Methyl  Chloride,  is  obtained 
from  methane  or  methyl  alcohol.  It  is  a  sweet-smelling  gas.  Alcohol 
will  dissolve  35  volumes  of  it,  and  water  4  volumes. 

It  b  prepared  by  heating  a  mixture  of  I  part  methyl  alcohol  (wood  spirit),  2  parts 
sodium  chloride,  and  3  parts  sulphuric  acid.  A  better  plan  is  to  conduct  HCl  into 
boiling  methyl  alcohol  in  the  presence  of  zinc  chloride  {}i  part).  The  disengaged 
gas  is  washed  with  KOH,  and  dried  by  means  of  sulphuric  acid.  Commercial  methyl 
chloride  usually  occurs  in  a  compressed  condition.  It  was  formerly  applied  in  the 
manufacture  of  the  aniline  dyes,  and  in  producing  cold.  It  is  obtained  by  heating 
trimethy famine  hydrochloride,  N(CH3)3.  HCl. 

Monochlorethane,  C,H(C1,  Ethyl  Chloride,  is  an  ethereal 
liquid,  boiling  at  1 2.5°  ;  specific  gravity  at  o®  =  0.921.  It  is  miscible 
with  alcohol,  but  is  sparingly  soluble  in  water. 

It  is  prepared  from  ethyl  alcohol  in  the  same  manner  that  methyl 
chloride  is  obtained  from  its  alcohol.  Its  formation  from  ethyl  hydride 
or  dimethyl  by  means  of  chlorine  (p.  83)  is  important  from  a  theo- 
retical standpoint. 

If  heated  with  water  to  100**  (in  a  sealed  tube),  it  changes  to  ethyl 
alcohol.  The  conversion  is  more  rapid  with  potassium  hydroxide.  In 
dispersed  sunlight,  chlorine  acts  upon  it  to  form  ethylidene  chloride, 
CH, .  CHCl,,  and  other  substitution  products.  Of  these  CHClj  was 
formerly  employed  as  j^ther  anastheticus.  Chlorine  converts  ethyl 
chloride,  in  the  presence  of  iron,  into  ethylene  chloride. 

The  boiling  points  of  the  two  propyl  chlorides^  the  three  btUyl  chlorides^  six  amyl 
chlorides f  normal  htxyl-^  heptyl-^  and  octyl-chlorides^  have  been  given  in  the  preceding 
table.     Myricyl  chloride,  CH,[CH,]„CH,C1,  melts  at  64**. 

Methyl  Bromide,  CH,Br — Monobrommethane. — Specific  gravity 
is  1.73  at  o^. 

Ethyl  Bromide,  C,H(6r,  boils  at  39^ ;  its  specific  gravity  is  1.47 
at  13^.  Bromine  (6  pts.)  is  run  into  a  mixture  of  red  phosphorus 
(i  pt.)and  95  per  cent,  alcohol  (6  pts.).  The  mixture  should  be 
chilled  and  constantly  shaken  while  introducing  the  bromine.  The 
reaction  will  be  complete  at  the  expiration  of  several  hours.  The 
ethyl  bromide  is  then  distilled  off,  washed  first  with  a  soda  solution, 
then  with  water,  and  rectified  after  previous  drying  over  calcium 
chloride.  Ethyl  bromide  is  the  officinal  jEther  bromatus.  It  is 
prepared  from  potassium  bromide  and  ethyl  sulphuric  acid  (p.  139). 
It  is  used  as  a  narcotic. 

Propyl  Bromide,  C,HfBr,  from  the  normal  alcohol,  boib  at  71^;  its  specific 
gravity  is  1.3520  at  20^. 

laopropyl  Bromide,  C^H^Br,  from  its  corresponding  alcohol,  boils  at  59.5^ ;  its 
specific  gravity  is  1.3097  at  20**.  It  is  most  conveniently  obtained  by  the  action  of 
bromine  upon  isopropyl  iodide  (B.  15,  1904). 

Upon  boiling  with  aluminium  bromide,  or  by  heating  to  250^,  normal  propyl 
bromide  passes  over  into  the  isopropyl  bromide  (not  completely,  however)  (B.  x6, 
391).  Such  a  transposition,  due  to  displacement  of  the  atoms  in  the  molecule,  occurs 
rather  frequently,  and  is  termed  molecular  transpotition.  It  may  be  assumed  that  the 
normal  propyl  bromide,  CH, .  CH, .  CH, .  Br,  at  first  breaks  up  into  propylene, 
CH« .  CH  :  CH,  and  HBr  (see  p.  91),  which  then,  according  to  a  common  rule  of 
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addition  (p.  93),  unites  with  the  propylene  to  isopropyl  bromide,  CH, .  CHBr .  CH,. 
Similarly,  isobutyl  bromide,  (CH,), .  CH  .  CH, .  Br,  changes  at  240^  to  tertiary  butyl 
bromide,  (CH3), .  CBr .  CH^.  The  transpositions  occurring  on  heating  the  halogen 
hydrides  with  the  alcohols  may  be  explained  in  the  same  manner. 

The  table  already  referred  to  also  contains  the  boiling  points  of  some  of  the  higher 
bomologues. 

Cetyl  Bromide,  CH,[CH,]i^CH,Br,  melts  at  15*. 

On  exposure  to  the  air  the  iodides  soon  become  discolored  by  depo- 
sition of  iodine.     The  iodides  of  the  secondary  and  tertiary  alcohols 
are  easily  converted  by  heat  into  alkylens,  C^Hja  and  HI.     Consult  . 
A.  043,  30,  upon  the  specific  volumes  of  the  alkyl  iodides. 

Methyl  Iodide,  CH,I,  is  a  heavy,  sweet-smelling  liquid,  boib'ng 
At  43^,  and  has  a  specific  gravity  of  2.19  at  o^.  In  the  cold  it  unites 
with  H,0  to  form  a  crystalline  hydrate,  aCH,!  +  H,0. 

Ethyl  Iodide,  QHtl,  is  a  colorless,  strongly  refracting  liquid, 
boiling  at  72**  and  having  a  specific  gravity  of  0.975  at  o**.  It  was  dis- 
covered by  Gay-Lussac  in  1815.  It  is  prepared  similarly  to  ethyl  bro- 
mide. 

Propyl  Iodide,  C^H^I,  from  propyl  alcohol,  has  a  specific  gravity  of  1.7427  at  20^. 

Isopropyl  Iodide,  C,HtI,  is  formed  from  isopropyl  alcohol,  pro- 
pylene glycol,  CjH^(OH)„  or  from  propylene,  and  is  most  conveni- 
ently prepared  by  distilling  a  mixture  of  glycerol,  amorphous  phos- 
phorus, and  iodine  (A.  138,  364) : 

C,H,  (OH),  +  5HI  =  C,H,I  +  2I,  -h  3H,0. 

Here  we  have  allyl  iodide,  CH,  =  CH — CH,I,  produced  first  (see 
below),  and  this  is  further  changed  to  propylene,  CH,  =  CH — ^CH,, 
and  isopropyl  iodide. 

Isopropyl  Iodide  boils  at  89.5°,  and  has  a  specific  gravity  of 
1.7033  at  20®. 

The  boiling  points  of  some  of  the  higher  alkylogens  will  be  found  in  the  pre- 
ceding table.  Cetyliodide,  CH,.  [CH^Jj^CH,!,  melts  at  22°,  and  myricyl  iodide, 
CH.[CH,]„CH,I,  at  7o<». 


II.  HALOID  ESTERS  OP  THE  UNSATURATED  ALCOHOLS. 

Only  the  haloid  esters  of  the  most  important  olefme  and  acetylene  alcohols  will 
be  given;  they  are  the  allyl  haloids  and  the  propargyl  haloids.  The  former  ar* 
prepared  from  allyl  alcohol  by  methods  similar  to  those  employed  for  the  preparation 
of  the  corresponding  compounds  from  ethyl  alcohol.  They  are  isomeric  with  the 
j9-  and  a-haloid  propylenes  (p.  105),  from  which  they  are  distinguished  by  their 
adaptability  for  double  decompositions : 


Allyl  Fluoride  (B.  24,  R.  40) » 

Allyl  Chloride 

Allyl  Bromide, 

^  Iodide, 


Formula. 


CH,  =  CH .  CHjFl 
CH,  =  CH  .  CHjCl 
CH,  =  CH.CH,Br 
CH,  ^  CH .  CH,I 


Boiling 
Point. 


— to® 

460 

7I« 

lOI** 


Sp.  Gravity. 


0.9379  (20*') 


I.461 
1.789 


o«) 

;i60) 
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The  allyl  haloids  are  liquids  with  leek-like  odor.  Allyl  chloride,  heated  to  loo® 
with  HCI,  yields  propylene  chloride,  CH,  .  CHCl .  CH,C1.  Allyl  bromide,  heated  to 
ioo<*  with  HBr,  passes  into  trimethylene  bromide,  CH,Br.  CH, .  CH,Br.  The  addi- 
tion of  halogens  produces  glycerol  trihaloid  esters. 

Allyl  Iodide, — This  is  most  frequently  used.  It  is  readily  prepared 
from  glycerol  by  the  action  of  HI,  or  iodine  and  phosphorus. 

It  may  be  supposed  that  at  first  CH,I .  CHI .  CHJ  forms,  but  is  sub- 
sequently decomposed  into  allyl  iodide  and  iodine.  (Preparation  : 
A.  185,  191 ;  226,  206.)  With  excess  of  HI  or  phosphorus  iodide, 
allyl  iodide  is  further  converted  into  propylene  and  isopropyl  iodide 
(see  above). 

By  continued  shaking  of  allyl  iodide  (in  alcoholic  solution)  with  mercury,  C^H^Hgl 
separates  in  colorless  leaflets  (see  mercury  ethyl).  Iodine  liberates  pure  allyl  iodide 
from  this : 

C^H^Hgl  +  I,  =  C,HJ  4-  Hgl,. 

Alcoholic  potash  converts  allyl  iodide  into  allyl  ethyl  ether.  With 
potassium  sulphide  it  yields  allyl  sulphide  (p.  150);  with  potassium 
sulphocyanide,  allyl  sulphocyanide^  which  passes  readily  into  allyl 
mustard  oil  (see  this).  Allyl  iodide  has  ako  been  used  in  the  syn- 
thesis of  unsaturated  alcohols. 


Name. 

Formula. 

Boiling 
Point. 

Sp.  Gravity. 

Fkopargyt  Chloride  (B.  8,  398),  . 
Propargyl  Bromide  (B.  7,  761),  . 
Propargyl  Iodide  (B.  7,  1132),    . 

CH  =  C .  CH,a 
CH  =  C,CH,Br 
CH  =  C.CH,I 

89** 

US'* 

1.0454  (  5**) 
1.5200  (20®  1 

2.0177  (  0°) 

Propargyl  chloride  is  produced  when  phosphorus  trichloride  acts 
upon  propargyl  alcohol. 


B.  B8TBRS  OP  NITRIC  ACID. 

They  are  prep)ared  by  the  interaction  of  alcohols  and  nitric  acid. 
Nitrous  acid  is  always  produced.  It  is  a  consequence  of  oxidizing, 
secondary  reactions,  and  may  be  destroyed  by  the  addition  of  urea : 

CO(NH,),  -f  2HNO,  =  CO,  -f  2N,  +  3H,0. 

When  much  nitrous  acid  is  present,  it  induces  the  decomposition  of 
the  nitric  acid  ester,  and  causes  explosions. 

Methyl  Nitrate,  CH,  .O.  NO.,  NUric  Methyl  Ester,  boils  at  66<>,  and  has  a 
specific  grarity,  at  20^,  of  1. 1 82.  When  struck  or  heated  to  150°  it  explodes  very 
▼iolently. 

Ethyl  Nitrate,  QHj .  O .  NO,,  Nitric  Ethyl  Ester, 

Ethyl  nitrate  is  a  colorless,  pleasant-smelling  liquid,  boiling  at  86**,  and  having  a 
mMTifif  gravity  of  1. 112,  at  1$^.     It  if  almost  insoluble  in  water,  and  bums  with  a 
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white  light.  It  will  explode  if  suddenly  ezpofcd  to  high  hcit.  Hetted  with 
ammonia,  it  passes  intoethylamine  nitrate.  Tin  and  hydiochkiric  acid  coavert  it  into 
hydroxylamine. 

Ihtpropfi  esUr,  C,H,  .O .  NO,,  (B.  I4»  421)  boils  at  IVf^  the  istpropyl esier  at 
101-102^,  and  the  isdmiyl  ester  at  123^ 


C.  B8TBR8  or  NITROUS  ACID. 

These  are  isomeric  with  the  nitro-paraffins.  The  group  NO,  is 
present  in  both ;  while,  however,  in  the  nitro-compounds  nitrogen  is 
combined  with  carbon,  in  the  esters  the  union  is  effected  by  oxygen : 

CHj-NO,  CjHj.O.NO. 

Nitn>«thane.  Nitrous  Ethyl  Ester. 

The  nitrous  esters,  as  might  be  inferred  from  their  different  structure, 
decompose  into  alcohols  and  nitrous  acid  when  acted  on  by  alkalies. 
Similar  treatment  will  not  decompose  the  nitro-compounds.  Nascent 
hydrogen  (tin  and  hydrochloric  acid)  converts  the  latter  into  amines, 
while  the  esters  are  saponified. 

Nitrons  acid  esters  are  produced  in  (i)  the  acti<»i  of  nitrons  acid  upon  the  alcohols ; 
(2)  by  the  action  of  alkyl  iodides  upon  silver  nitrite  (B.  as,  R.  571).  Nitio-paraffins, 
with  high  boiling  points,  are  formed  simultaneously. 

Methyl  Nitrite,  Nitrous  Methyl  Ester,  CH,.  O.  NO,  boils  at  —12^ 

Ethyl  Nitrite,  Nitrous  Ethyl  Ester,  CM^ .  O .  NO,  is  a  mobile,  yellowish  Uquid, 
of  specific  gravity  0.947,  at  15®,  and  boils  at  +l6^.  It  is  insoluble  in  water,  and 
possesses  an  odor  resembling  that  of  apples.  It  is  obtained  by  the  action  of  sulphuric 
acid  and  potassium  nitrite  upon  alcohol  (A.  253, 251  Anm,).  It  is  the  active  ingre- 
dient of  Spiritus  atheris  niirosi. 

When  ethyl  nitrite  stands  with  water  it  gradually  decomposes,  nitrogen  oxide  being 
eliminated;  an  explosion  may  occur  under  some  conditions.  Hydrogen  sulphide 
changes  it  into  alcohol  and  ammonia. 

Nonnal  Butyl  Nitrite.  C^H, .  O .  NO,  boils  at  75^  the  aecondafy  at  68<*,  and  the 
tertiary,  C(CH,), .  O .  NO,  at  77^ 

Isoamyl  Nitnte,  C^H,, .  O .  NO,  obtained  by  the  distillation  of  fermenUtion  amyl 
alcohol  with  nitric  acid,  is  a  yellow  liquid  boiling  at  96^ ;  its  specific  gravity  is  o.  902.  An 
explosion  takes  place  when  the  vapors  are  heated  to  250^.  Nascent  hydrogen  changes 
it  into  amyl  alcohol  and  ammonia.  Heated  with  methyl  alcohol,  it  is  transformed  into 
methyl  nitrite  and  amyl  alcohol.  The  result  is  the  same  if  ethyl  alcohol  be  used 
(B.  20,  656). 

Amyl  nitrite,  "  Amy  Hum  mi/rosum,**  is  used  in  medicine,  and  also  for  the  prepara- 
tion of  nitroso-  and  diazo-compounds. 

Note.  ^Diato-ethoxanet  C^H^O .  N  =  N  —  O .  C,H^,  results  from  the  interaction 
of  ethyl  iodide  and  nitrosyl  silver  (NOAg),.  It  is  the  ester  of  hyponitrous  acid 
(ti.  II,  1630). 

D.  B8TBR8  OF  SULPHURIC  ACID. 

(I^  The  neutral  esters  are  fonned  by  the  action  of  the  alkyl  iodides  upon  silver 
Sf*'  ;  they  are  also  produced,  in  slight  quantity,  on  heating  the  primary 

vith  sulphuric  acid.  They  can  be  extracted  with  chloroform  from 
e  heavy  liquids,  soluble  in  ether,  possess  an  odor  like  that  of  pep- 
without  decomposition.  They  will  sink  in  water,  and  gradually 
primary  ester  and  alcohol : 
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S^»<0 :  CJHt  +  ^fi  =  S^«  <OH^'"'  +  C^Hg .  OH. 

The  Z?»iw/>4y/iS'j/^,  S0,(0.  CH,),,  boils  at  i88«.  ThediefAy/estfr,SO^{0,Cfi^\, 
boils  at  208^.  It  is  formed  also  from  SO,  and  (C,Hj),0.  and  when  heated  with  alco- 
hol, ethyl  sulphuric  acid  and  ethyl  ether  are  produced  (B.  13,  1699 ;  15,  947). 

(2)  The  primary  esters  or  ether-acids  are  produced  (i)  when  the 
alcohols  are  mixed  with  concentrated  sulphuric  acid : 

SO,(OH),  +  CjHj .  OH  =  S0,<  ok^'^*  +  ^^• 

The  reaction  takes  place  only  when  aided  by  heat,  and  it  is  not  complete,  because 
the  mixture  always  contains  free  sulphuric  acid  and  alcohol  (compare  p.  137).  The 
reaction  does  proceed  to  completion  if  the  alcohol  be  dissolved  in  very  little  sulphuric 
acid,  and  SO,  in  the  form  of  fuming  sulphuric  acid  be  then  allowed  to  act  upon  the 
well-cooled  solution  (B.  a8,  R.  31).  To  isolate  the  ether-acids,  the  product  of  the  reac- 
tion is  dilated  with  water  and  boiled  with  an  expess  of  barium  carbonate.  In  this 
way  the  unaffected  sulphuric  acid  is  thrown  out  as  barium  sulphate ;  the  barium  salts 
of  the  ether-acids  are  soluble  and  crystallize  out  when  the  solution  is  evaporated. 
To  obtain  the  acids  in  a  free  state  their  salts  are  treated  with  sulphuric  acid  or  the 
lead  salts  (obtained  by  saturating  the  acids  with  lead  carbonate)  may  be  decomposed 
by  hydrogen  sulphide,  and  the  solution  allowed  to  evaporate  over  sulphuric  acid. 

Even  secondary  alcohols,  by  careful  cooling  of  the  components,  are  capable  of 
forming  ether  sulphuric  acids — e.  g.^  ethyl  propyl  carbinol  (B.  a6,  1203). 
^    (2)    The  ether  acids  also  result  from  the  union  of  the  alkylens  with  concentrated 
sulphuric  acid. 

Properties. — ^These  acids  are  thick  liquids,  which  cannot  be  distilled. 
They  sometimes  crystallize.  They  dissolve  readily  in  water  and  alcohol, 
but  are  insoluble  in  ether. 

(i)  When  boiled  or  warmed  with  water  they  break  down  into  sul- 
phuric acid  and  alcohol : 

SO,<g^^"»  +  H,0  =  SO,H,  -f  CjHj .  OH. 

(2)  When  distilled,  they  yield  sulphuric  acid  and  alkylens  (p.  92). 

(3)  Upon  heating  them  with  alcohols,  simple  and  mixed  ethers  (p. 
133)  are  produced. 

They  show  a  strongly  acid  reaction,  and  furnish  salts  which  dissolve 
quite  readily  in  water,  and  crystallize  without  great  trouble.  The  salts 
gradually  change  to  sulphates  and  alcohol  when  they  are  boiled  with 
water.  Those  with  the  alkalies  are  frequently  applied  in  different  reac- 
tions. Thus  with  KSH  and  K,S  they  yield  mercaptans  and  thio-ethers 
(p.  149);  with  salts  of  fatty  acids  they  furnish  esters,  and  with  KCN 
the  alkyl  cyanides,  etc. 

Afethyi Sulphuric  Acid,  SO.(CH,)H,  is  a  thick  oil. 

Ethyl  Sulphuric  Acid,  S04(C,H5)H,  is  obtained  by  mixing  I  part  alcohol  with  2 
parts  concentrated  sulphuric  acid.  The  potassium  salt,  S04(C,H^)K,  is  anhydrous ; 
it  crystallizes  in  plates.  The  barium  and  calcium  salts  crystallize  in  large  tablets 
with  two  molecules  of  H,0  each  (A.  ai8,  300). 

(O   C  H  \ 
SOj<q'      *     *l, 

13 
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cmlled  esters  of  chlorsnlphonic  acids,  result  in  (i)  the  actioa  of  sulphoryl  chloride 
upon  the  alcohols : 

CjHj .  OH  +  SOjCl,  =  SO,<^j*  ^"»  +  HCI ; 

Chloride  of  Etbvl 
Sulphuric  Acicl. 

(2)  by  the  action  of  PCI5  upon  salts  of  the  ether  acids;  (3)  by  the  union  of  the  olefines 
with  CI.  SO,H;  (4)  by  the  union  of  SO,  with  the  alkyl  chlorides;  and  (5)  by  the 
action  of  SO,  upon  the  esters  of  bypochlorous  acid  (B.  19, 860) : 

SO,  +  CIO .  CjHj  =  S0,<  Q  p  jj 

All  are  liquids  with  penetrating  odor.  Cold  water  decomposes  them  very  slowly, 
with  the  formation  of  the  ether  acids.  These  they  yield,  together  with  ethyl  chlorides, 
on  adding  alcohol  to  them.     The  reaction  is  rather  energetic. 

Chloride  of  Ethyl  Sulphuric  Acid,  QM^ .  O .  S0,a,  boils  at  about  I52<>.  JHethyl 
Sulphuric  Chloride,  CH, ,  O .  SO,Cl,  boils  at  1320. 


B.  ESTERS  OP  SYMIIETRICAL  SULPHUROUS  ACID. 

The  empirical  formula  of  sulphurous  acid^  SO,H„  may  have  one  of 
two  possible  structures : 

^<OH  **  ^^^»  •  ^"• 

Sjrmm.  Sulphurous  Add.  Unsymm.  Sulphurous  Acid. 

The  ordinary  sulphites  correspond  to  formula  2^  and  it  appears  that 
in  them  one  atom  of  metal  is  in  direct  combination  with  sulphur: 

Ag.  SOj.OAg  K.  SO,.  OH. 

Silver  Sulphite.  Prim.  Pot.  Sulphite. 

Silver  sulphite,  AgSO, .  OAg,  when  acted  upon  by  ethyl  iodide, 
yields  the  ethyl  ester  of  ethyl  sulphuric  acid,  CjHj .  SO, .  C,Ht,  which 
splits  off  an  ethyl  group  when  treated  with  caustic  potash,  and  yields 
ethyl  sulphuric  acid,  CjHj.SOjH,  the  oxidation  product  of  ethyl 
mercaptan,  C,HjSH.  The  sulpho-acidsdSi^  their  esters,  which  must  be 
viewed  as  esters  of  unsymmetrical  sulphurous  acid,  will  be  described 
after  the  mercaptans. 

Esters  of  Symmetrical  Sulphurous  Acid, 

These  are  produced  in  the  action  of  thionyl  chloride,  S0C1,  (A,  IZI9  93),  or 
sulphur  monochloride,  S^Cl,,  upon  alcohols : 

SOCl,  +  2C,H5 .  OH  =  SO<3 ;  ^^  -h  2Ha  and 
S,C1,  +  sCjHj .  OH  =  SO<^ ;  ^  j^  +  CjHj .  SH  +  aHQ. 

The  piercaptan  that  is  simultaneously  formed  sustains  further  decomposition. 
The  sulphites  thus  produced  are  volatile  liquids,  insoluble  in  water,  with  an  odor 
resembling  that  of  peppermint,  and  decomposed  by  water,  especially  when  heated, 
into  alcohols  and  sulphurous  acid. 

Sulphurous  Methyl  Ester,  S0(0.  CH,),,  methyl  sulphite,  boils  at  121^. 
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The  Bthyl  Ester,  S0(0 .  C,H()„  boils  at  lei*'.     Its  specific  gravity  at  o*'  is 

CI 
I.  lo6.    FCI^  converts  it  into  the  cMoride^  SO^q   p  tt    a  liquid  boiling  at  122^,  and 

decomposed  by  water  into  alcohol,  SO,  and  HCl.     It  is  isomeric  with  ethyl  sulphonic 
chloride,  C,Hj .  SO,Q  (p.  153).     On  mixing  the  ester  with  a  dilute  solution  of  the 

equivalent  amount  of  KOH,  a  potassium  salt,  ^^'<iry^    ^  separates  in  glistening 

scales.     This  b  viewed  as  a  salt  of  the  unstable  ethyl  sulphurous  acid. 


P.  ESTERS  OF  HYPOCHLOROUS  AND  PERCHLORIC  ACIDS. 

The  Esters  of  hypochlorous  acid,  ClOH,  form  on  mixing  concentrated  aqueous 
solutions  of  hypochlorous  acid  with  alcohol.  They  are  unpleasantly-smelling,  explo- 
sive liquids  (B.  x8,  1767  ;  19,  857).  The  perchloric  acid  esters  are  also  explosive, 
and  result  from  the  action  of  ethyl  iodide  upon  silver  perchlorate. 

Methyl  Hypochlorite  boib  at  12^ ;  Ethyl  Hypochlorite,  ClOCLH^,  boils  at 

Sulphur  dioxide  converts  these  esters  into  chloxsulphonic  esters  (p.   146),  while 
KCN  they  yield  chlorimido-carbonU  acid  esters  (see  these). 


O.  ESTERS  OP  BORIC  ACID.  ORTHO-PHOSPHORIC  ACID,  SVM.  PHOS- 
PHOROUS ACID,  ARSENIC  ACID.  SYM.  ARSBNIOUS  ACID,  AND 

THE  SILICIC  ACIDS. 

These  esteis  are  obtained  by  the  action  of  BCl,,  POCl.,  PCI,,  AsBr,,  SiCL, 
Si,OC]g  upon  alcohols  and  sodium  alcoholates.  Caustic  alkalies  saponify  them  with 
the  production  of  alcohols  and  alkali  salts  of  the  respective  inorganic  acids.  Most 
of  them  are  decomposed  entirely  or  in  part  by  water. 

Methyl  Borate,  B(0 .  CH,)„  boils  at  65°. 

Ethyl  Borate,  B(0  .  C,H,)„  boils  at  119^,  and  bums  with  a  green-colored  flame. 

Triethyl  Phosphoric  Ester,  P0(0.  CLH^),,  boils  at  215  ^. 

Sym.  Triethyl  Phosphorous  Ester,  P(0 .  C^H^),,  boils  at  191^. 

For  the  alkylized  derivatives  of  unsymmetrical  phosphorous  and  hypophosphorous 
adds — the  phospho-  and  phosphinic  acids — compare  the  phosphines  and  phos- 
phorus bases  (see  these). 

Triethyl  Arsenic  Ester,  AsO(0 .  C,Hj),,  boils  at  235^,  and  results  from  the 
mteractioD  of  silver  arsenate  and  ethyl  iudide. 

Sym.  Triethyl  Arsenious  Ester,  As(OC,H^)„  boils  at  \fi&^. 

Compare  Arsenic  bases  fsee  these)  for  arsenic  derivatives  corresponding  to  the 
phosphih  Ukd  phosphinic  actds. 

Ethyl  Ortho-silicic  Ester,  Si(0 .  C^^^,  boils  at  1650 ;  Si(OCH5)4,  at  I20-X22<». 

Ethyl Disilicic  Ester,  Si,0(0 .  C,H.)^  boils  at  2360. 

Ethyl  Metasilicic  Ester,  Si0(0 .  CjHj),,  boils  at  about  360®. 

The  silidc  esters  burn  with  a  brilliant  white  flame.  The  ortho-  and  metasilicic 
estcn  correspond  to  the  ortho-  and  meta-  or  ordinary  carbonic  acid  esters :  C(0C, 
H,).«idCO(OC;H.),. 


3.  SULPHUR  DERIVATIVES  OF  THE  ALCOHOL  RADICALS. 

The  sulphydrates  and  sulphides  correspond  to  the  metallic  hy- 
droxides and  oxides,  while  the  sulphur  analogues  of  the  alcohols  and 
ethers  are  the  thithalcohols  or  mercaptans  and  thio  ethers  or  alkyl- 
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A>«.-in.  And  the  jdk&line  polysulphides  find  their  analagues  i 


^}0' 

'S}o,      '^'k\0: 

i>- 

r»\}° 

Kfs. 

■S}S,      '=.>k}s: 

Kl^^ 

.,^?iL 

EtbTl  Solphj-drtle. 

;::}^^ 

Elhyl  Diiulphldt 

A.  Mercaptans,  Thio- alcohols,  or  Allcyl-aulphydratea. — 
Although  the  raerca.ptans  closely  resemble  the  alcohols  in  general,  the 
solphur  In  iheni  imparts  additional  specific  properties.  In  the  alcohols 
the  H  of  OH  is  replaceable  by  alkali  metals  almost  exclusively;  in 
ihe  mercaptans  it  can  also  be  replaced  by  heavy  metals.  The  mercap- 
tans  react  very  readily  with  mercuric  oxide,  to  form  crystalline  com- 
IVMinds: 

aC,H, .  SH  +  HgO  =  {C,H, .  S),Hg  +  H,0. 

Hence  their  designation  as  mercaplans  (from  Mereurium  capiatu). 
The  luetal  derivatives  of  the  mercaptans  are  termed  mereaptides. 

Tite  netbods  for  their  fortnation  are : 

(1)  Rf  (lie  ictioD  of  the  ilkylogens  upon  potu«am  sutphydrate  in  Blcobolic 

C,HjCl  4-  KSH  =  C,H, .  SH  +  KCl. 

{i\  By  di-nilling  mI(i  of  the  sulphuric  eslen  wiih  poliuiom  sulphjdrale  or  polu- 
liuin  lutphidt  (*cep.  145,  r 


J]^*^"»  +  KSH  =C,H, .  SH  +  SO.Kr 


The  neulral  rsierF  r.f  sulphuric  aaA—t.g.,  SO,{0.C,H(),  (p.  I4S)— Jao  field 
■cic^ilani  wben  licnli  •{  wilb  KSH. 

(t)  A  direct  rtiilnci'inrnl  of  the  oxy^n  of  alcohoU  and  elhen  by  tnlphnr  may  be 
Ulamed  by  |>li<»|>l]ciru;  s.ilphtde: 

5<^_,H,0H  +  P,s;  =  sCjH, .  SH  +  P,0,. 
(4)  Ky  roiucili'n  iif  tlie  chlorides  of  the  sulpboiiic  acids  (see  thete): 

r,l I,   SO,Cl  +  6H  =C,H,SH  +  Ha  +  aH,0. 
This  reHction  recnUs  the  reduction  of  the  add  chloride*  to  priinaij  alcohols. 

Pnpei-ties  ami  Transpositions  of  the  Mercaplans. — The  mercaptans 
XK  colorl'_"-s  liijiiiil-.,  mostly  insoluble  in  water,  and  possess  a  dis- 
jptcnl'K'.  ^[kIii  -likr  odor, 

-.1  \T.„i..,,j^.  ,,,|,|,i,|,,n  vith  coDcenCraled  sulphuric  acid,  sniphnryl  chloride,  or 
'<c  III'  n  ipUDi  or  mtfcapttdes  into  diaulphidei  (sec  these). 
J/F.l  "iih  nitric  acid,  the  niercaplaDi  jneld  the  sulpfaoDic  acids, 
'.rcapt.nns  rMolt  by  the  redaction  of  the  sulphonic  acids. 
ion  "iith  aldehydes  and  ketones  (here  result  merfaplali  and  mer- 
I,CH(SC,Hi),,  (CH,),C(SC,H,)„— which  wiU  be  treated  at  ibo 
Jdebfiies  and  Ketones  (see  thcsej. 
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Ethyl  Mercaptan,  CjHj .  SH,  boils  at  36°.  Its  specific  gravity  at 
20°  is  0.829.  It  is  the  most  important  and  was  the  first  discovered  mer- 
captan  (1834,  Zeise,  A.  ii,  i).  Despite  its  fearful  odor,  it  is  techni- 
cally made  from  ethyl  chloride  and  potassium  sulphydrate.  It  is  used 
in  the  preparation  of  suiphonaL  It  is  but  slightly  soluble  in  water ; 
readily  in  alcohol  and  ether. 

Mercury  mercaptide,  (CjHj .  S),Hg,  crystallizes  from  alcohol  in  bril- 
liant leaflets,  melting  at  86®,  and  is  only  slightly  soluble  in  water.  When 
mercaptan  is  mixed  with  an  alcoholic  solution  of  HgCli,  the  compound 
C^Hj .  S .  HgCl  is  precipitated.  The  potassium  and  sodium  compounds 
are  best  obtained  by  dissolving  the  metals  in  mercaptan  diluted  with 
ether ;  they  crystallize  in  white  needles. 

Mtthyl  Mercaptan^  CH,SH,  boils  at  +  6®;  n-propyl  mercaptan  at  68® ;  isopropyl 
mercaptan  at  59*;  n-buiyl  mercaptan  at  98®;  allyl  fnercaptan^  CjHjSH,  at  90®. 

n-Butyl  Mercaptan  is  found  in  secretions  of  the  stink-badger  of  the  Philippines 
(Mjd&us  Marcbei  Haet)  (Pharm.  Centralhane,i896,  No.  34). 

B.  Sulphides  or  Thio-ethers. — These  are  obtained  like  the  mer- 
captans : 

1.  fiy  the  action  of  alkylogens  upon  potassium  sulphide. 

2.  By  distillation  of  salts  of  the  ethyl  sulphuric  acids  with  potassium 
sulphide. 

3.  By  the  action  of  PjSj  upon  ethers. 

4.  Upon  heating  the  lead  mercaptides : 

1.  2C,H.a  -f.  K,S  =  (C,H5),S  -h  2KCI. 

2.  2SO,<3^^«"»  +  K,S  =  (C,Hj),S  +  2K,SO^. 

3.  5(C,H,).0  +  PA  =  SJAH^LS  4-  PA. 

4.  (C,H.S),Vb  =  (e;ft5),S  +  PbS. 

Further,  by  the  interaction  of  alkyl  haloids  and  potassium  on  sodium 
mercaptides,  when  mixed  thio-ethers  are  also  produced: 

5.  C,H5SNa  +  C,HJ  =  (C,H5),S-hNaI 
CjHjSNa  +  CjH^I  =  C,H5.  S.  C,H^  -f  Nal. 

Methods  i,  2,  and  5  are  analogous  to  those  used  in  the  preparation 
of  the  corresponding  ethers. 

The  snlphides,  like  the  mercaptans,  are  colorless  liquids,  insoluble  in  water,  but 
easily  soluble  in  alcohol  and  ether.  When  impure  their  odor  is  very  disagreeable, 
but  quite  ethereal  wben  pure  (B.  27,  1239). 

Transpositions. — The  sulphides  are  characterized  by  their  additive  power,  (i) 
They  unite  wiUi  Br,,  and  (2)  with  metallic  chlorides — e.  g.,  (C,H5)jS.  HgCl,, 
[(C,H5),S]^  Pta4;  (3)  also  with  alkyl  iodides  to  sulphine  iodides  (p.  150);  (4) 
they  are  oxidized  to  sidpboxides  (p.  159)  and  sulphones  (p.  159)  by  nitric  acid. 

Methyl  SuJpkide,  (CH,),S,  boils  at  37.5*. 

Ethyl  Sulphide,  (C,H(>,S,  boils  at  91 ». 

n- Propyl  sulphide,  (C,H^),S,  boils  at  130-135° ;  ixbutyl  sulphide  at  l82<» ;  isobutyl 
sulphide  9X  173^ 

Cetyl  Sulphide^  (C^H «),S,  fuses  at  57<». 

The  sulphides  of  ▼myl  and  allyl  alcohols  occur  in  nature.  They  are  far  more  im- 
portant than  the  sulphides  of  the  normal  alcohols.  This  is  particularly  true  of  allyl 
sulphide. 


ISO  ORCAinC  CHSMISTRT. 

Vimyl  SmZ/ki/e,  (C,H,),S.  it  the  priiicip«l  ingredicDt  of  die  oil  of  AlSmm  mrrimmm^ 
and  is  perfectly  similar  to  alljl  sulphide.  It  bofls  at  loi® ;  its  speci6c  gnvity  is  a9i25. 
It  forms  (C,H,Br,  ',SBr,  with  six  atoms  of  bromine.  Slvcr  oxide  changesit  to  rvafX 
ether,  (C,H^,0  (p.  136)  (A.  241.  90)- 

AUyl  Sulphide,  (C,H^),S,  is  the  chief  constituent  of  the  oil  of 
garlic  (from  AUium  sativum)^  and  is  obtained  by  the  distillation  of 
garlic  with  water  (Wertheini,  1844).  It  occurs  in  many  of  the  Cmci- 
ferat.  It  may  be  prepared  artificially  by  digesting  allyl  iodide  with 
potassium  sulphide  in  alcoholic  solution.  It  is  a  colorless,  disagree- 
able-smelling oil,  but  slightly  soluble  in  water.  It  boils  at  140^.  It 
forms  crystalline  precipitates  with  alcoholic  solutions  of  HgCl^  and 
PtCl^.  VVith  silver  nitrate  it  yields  the  crystalline  compound  (CtHft)i 
S .  2AgNO,. 

Allyl  mustard  oil  is  produced  on  heating  the  merctiry  derivative  with 
potassium  sulphocyanide.  Vinyl  mustard  oil  is  prepared  in  an  analo- 
gous manner. 

C.  Alkyl  Disulphidea  are  prodoced  (l)  like  the  alkyl  monosniphides  upon  dis- 
tilling salts  of  the  ethyl  sulphuric  acids  or  alkylogens  with  potassium  disnlphide ;  (2) 
by  the  action  of  iodine  or  concentrated  sulphnric  acid  npoo  mere^itides ;  (3)  by  the 
action  of  sulphoryl  chloride  on  the  mercaptans : 

1.  2S0,^g^^«"»  4-  KA  =  (C,H,),S,  -f  2K^,. 

2.  2C,Il5SK  +  I,  =  CjHjS— S— CjH.  +  2KI. 

3.  2C,HjSH  -h  SOjCl,  =  (C,H5),S,  -f  SO,  +  2HCL 

When  bromine  acts  upon  a  mixture  of  two  mercaptans,  mixed  alkyl  disniphides  are 
produced  (B.  19,  3132).  Nascent  hydrogen  reduces  the  alkyl  disniphides  to  mer> 
captans,  while  zinc  dust  converts  them  into  zinc  mercaptides : 

(C,H,),S,  +  Zn  --=  (C,H,S),Zn. 

Mercaptides  resnlt  on  heating  them  with  potassium  disulphide  (B.  19,  3129 ;  com- 
pare also  phenyl  disulphide),  and  dilute  nitric  acid  changes  them  to  alkyl  thiosul- 
phonic  esters  (p.  153). 

Methyl  Disulphide,  (C,H,),S,.  boils  at  II2«.  Rth^l  Distdphide,  (C,HJ,S,.  boils 
at  151^.     They  are  oils  with  an  odor  like  that  of  garlic. 

D.  Sulphine  or  Sulphonium  Compounds  TB.  27,  505  AnmJ),  (i)  The  sul- 
phides of  the  alcohol  radicals  (thio-ethers)  comoine  with  the  iodides  (also  irith 
oromides  and  chlorides)  of  the  alcohol  radicals  at  ordinary  temperatures,  more 
rapidly  on  application  of  heat,  and  form  crystalline  compounds : 

(C,H,),S  +  C.n.1  =  (C.H»),SI. 

Triethyl  Sulphonium  Iodide. 

These  are  perfectly  analogous  to  the  halogen  derivatives  of  the  strong  basic 
radicals.  By  the  action  of  moist  silver  oxide  the  halogen  atom  in  them  may  be 
replaced  by  hydroxyl,  and  hydroxides  similar  to  potassium  hydroxide  be  formed : 

(C,H4)3SI  +  AgOH  .-=  (C,II,),S .  OH  -f  Agl. 

(2)  The  sulphine  or  sulphonium  haloids  are  also  obtained  on  heating  the  solphnr 
lers  with  the  halogen  hydrides,  and  (3)  the  alkyl  sulphides  with  iodine  (B. 
,  R.  641): 
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2(C,H.),S  +  HI  =  (C,H.)3SI  +  C,H.SH 
4iCft,),S  +  I,  =  2(tri;),si  +  (Crf,)A. 

(4)  The  add  chlorides  react  similarly. 

(5)  By  the  action  of  methjt  iodide  on  metallic  sulphides : 

SnS  +  3CH,I  =  SnI,  -f  (CH,),SI. 

Often  when  the  alkjl  iodides  act  on  the  sulphides  of  higher  alkyls  the  latter  arg 
displaced  (B.  8,  825). 

(C,H(),S .  CH,I  and  r*  u'^S  .  C^H^I  are  not  isomeric,  in  which  case  a  difference 

of  the  4  valences  of  S  wouM  be  proTen,  but  identical  (B.  22,  R.  648). 

The  sulphonium  hydroxides  are  crystalline,  efflorescent,  strongly  basic  bodies, 
readily  soluble  in  water.  Like  the  alkalies,  they  precipitate  metallic  hydroxides  from 
metallic  salts,  set  ammonia  free  from  ammoniacal  salts,  absorb  CO,  and  saturate 
acids,  with  the  formation  of  neutral  salts : 

(C,Hj),S .  OH  +  NO,H  =  (C,H4),S .  NO,  +  H,0. 

We  thus  observe  that  relations  similar  to  those  noted  with  the  nitrogen  group  pre- 
vail with  sulphur  (also  with  selenium  and  tellurium).  Nitrogen  and  phosphorus 
combine  with  four  hydrogen  atoms  (also  with  alcoholic  radicals)  to  form  the  groups 
ammonium,  NH^,  and  phosphonium,  PH4,  which  yield  compounds  similar  to  those 
of  the  alkali  metals.  Sulphur  and  its  analogues  combine  in  like  manner  with  three 
univalent  alkyls,  and  give  sulphonium  and  sulphine  derivatives.  Other  non-metals 
and  the  less  positive  metals,  like  lead  and  tin,  exhibit  a  perfectly  similar  behavior. 
By  addition  of  hydrogen  or  alkyb  they  acquire  a  strongly  basic,  metallic  character 
(see  the  metal lo-organic  compounds  and  also  the  aromatic  iodonium  bases). 

Trimethyl  Sulphonium  Iodide,  (CH3),SI,  is  readily  .soluble  in  water,  soluble 
with  difficulty  in  alcohol,  and  crystallizes  from  the  latter  in  white  needles.  At  215**  it 
breaks  down  quietly  into  methyl  sulphide  and  methyl  iodide.  Platinic  chloride  pre- 
cipitates, from  solutions  of  its  chloride,  a  chloroplatinate,  [(CHi,),SCn,  .  PtCl^, 
very  similar  to  ammonium  platinum  chloride.  Trimethyl  Sulphonium  Hydroxide, 
(CH,),SOH,  consists  of  deliquescent  crystals  with  a  strongly  alkaline  reaction. 

Cbnsult  B.  34,  R.  906,  upon  the  refractive  power  and  the  lowering  of  the  freezing 
point  of  sulphine  compounds. 

E.  Sulphoxides  and  Sulphones,  as  mentioned  (p.  149)^  result 
from  the  oxidation  of  the  sulphides  with  nitric  acid : 

&h:>s ^  §S!>so  -. >■  §2»>so.. 

Ethyl  Sulphide.  Ethyl  Sulphoxide.  Ethyl  Sulphone. 

The  sulphoxides  may  be  compared  to  the  ketones.  Nascent  hydrogen  reduces 
them  to  sulphides.  Methyl-  and  Ethyl  Sulphoxides  are  thick  oils,  which  combine 
with  nitric  acid :  (CH,),SO  .  NO,H.  Barium  carbonate  will  liberate  the  sulphoxides 
from  these  salts.  Methyl  Sulphoxide  is  also  formed  when  silver  oxide  acts  upon 
wuthyl  sulph'bromidej  (CH,),SBr,. 

The  sulph4mesy  obtained  from  the  sulphoxides  by  means  of  nitric  acid,  or  by  oxida- 
tion with  potassium  permanganate,  may  also  be  regarded  as  esters  of  the  alkyl  sul- 
pbinic  acids  (see  these),  because  they  can  be  prepared  from  salts  of  the  latter  through 
tbe  action  of  alkyl  iodides : 

C,H, .  SO,K  -h  C,HjI  =  ^h'>^»  +  ^'• 

However,  they  are  not  true  esters,  but  remarkable  compounds,  characterized  by 
great  stability,  in  which  both  alcohol  radicals  are  linked  to  sulphur.  They  cannot 
be  reduced  to  sulphides. 

Methyl  Sulphone^  (CH,),SO„  melts  at  \o(f  and  boils  at  238<». 
Ethyl  Sulphone,  (C,H^),SO„  melts  at    ^QP  and  boils  at  248<»« 
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These  WMipuaudi  ban  Ibe  goienl  Tonnlai : 

R'.  SO,OH  R'S.SO,H  R'- SO=;H  R'-SO^ 

EUrrlSBlpuic         Eitafl  ThioHilpbirk      EUi)l  Thiol   l|>inir  E^:SL:stuK 
Acii                               Add.                              Add.  Add. 


Tbenlpho-ac^or  lalphanicKidscanuio  <i»t  tMlfit-gntf — 50,.  OH.  joined  to 
cutoo.  Tliis  is  erideot  trom  tbeli  pradactioo  bj  ibe  oiidttiM  of  ike  mac^Uia, 
■nd  from  Ibctr  le-coDTenioo  lolo  mcrcapuuis  'p.  I4£  ■  Tliey  caa  he  Tieved  n 
etier  dciintiTci  of  the  nufrnmeirical  tuliihorcoj  acid.  HfO,OH  ^p.  14^'- 

FormatioM. — ( I )  Tbcii  ulu  iBoll  fnm  the  inlentiioo  of  tftilinr  >B4J>i(es  mod 
■Ikyl  iodidei ;  tbett  eoen  are  tbtmed  wbeo  alkjl  iodides  act  ^ca  atrai  solpliite  : 

K.SO^.OK  +  C,HjI  =C,H,.  SO,OK  -  KI 

PotuHOB  Eih)l5«lphi»iifc. 
Ac .  SOi .  OAg  +  *C,H,I  =  (^H, .  SO, .  O .  ciH^  -  jAgL 
Ethyl  Sulpbowc  Ethyl  Eilct. 

;  (b)tbe  alkyldinlFludes;  (c)dwaaTl 


C,H.SH      1  o 

rC-HiSl,       \  — -V  C-H. .  SO,H. 

C,H,S.CNJ 

!3)  Tbe  alkyl  «al{d)iDic  acids  are  readilf  oxidized  to  snlpbooic  waA^ 
4)  The  snlpho  acidi  cu  be  ronned  fnrtber  by  the  action  orsDlphoiic  acid  oe  solpbnr 
(rioiide   apon    ilcobols,    ethers,    and    Tanom  other  bodies.      Tliis  reaction  is  Teiy 
common  with  bminie  deniatiTes  and  proceeds  wttboal  difficntij. 

Proptrtiti  and  TraniposUiont. — These  acids  are  thick  liqnids,  readilr  solobte  in 
valer.  and  geoerallj  ctTMalliiable.  Tbcj  safTer  dFCompodtioD  when  exposed  lo 
beat,  bat  are  not  altered  when  boiled  wilh  alkaliae  bjrdioiidea.  Wboi  fosed  ailb 
■olid  alkalies  tbej'  break  Dp  iolo  lulfkitti  aod  alcoboli ; 

C,H,.SO,.OK  +  K0H  =  KSO,.OK  +  C,H,.OH. 
PajChaiieectheratochlaridH,.:~/.f.,Cllt.SO,a,—«hidi  become  meiraptans 
ibiDBgb  the  ngencji  ui  iFilr-.,.  n,  or  by  ibe  ictioo  of  sodium  alcobolates  pass  into  the 
fieaml  cslen — lJ,H,.S'i,    '■    Hj  (p.  146). 

Man]'  ol  llicse  rcacii'^n,  |  inly  indicate  tbat  id  the  salph(«ic  acids  the  snlphnr  is 
directly  comliined  with  llic  ::  .  h,  and  that  Teiy  probably,  therelbrc,  in  the  sulphites 
tbe  ant  mcialUc  Horn  ii  dir<  ;'y  united  to  sal|Aur.  The  salphonlc  esters  boil  COD- 
siderahly  higher  than  Iht  f-:.'  r  r,i  symmetrical  sulphurous  acid  (p.  I46).  Alkalies 
CoDTert  the  liiler  into  sulp'.r  and  alcoliot ,  whereas  in  Ibe  snlpbonic  esters  oiiiy  one 
alliyl  giDUp — [hat  not  diic.  iU    ,nked  lo  sulphut— is  removed. 

Methyl   Sulpbonic  Ac!,l,  JII,.  SO,H,  wassymhelically  prepared  by  Kolbe  in 

tlti;    from    CBrbon    dbiililn  :         Qilorine    conTeited   ibe  latter  into  trichlonnethyl 

f  *dc.  wliitli     '    ■  changed  lo  Ihe  corresponding  acid,  and   Ibe  latter 

0  ama)-a[ii   '     methyl  sulpbonic  acid,  jusl  as  acetic  acid  ia  obtained 

caciJ(..-t:  1. 1, -.MA. 54,  174): 

>  cci,  so,a >■  cci, .  so,H >  CH, .  so,h. 

mic  acid  will  be  discussed  later,  after  carbonic  aciH. 
SOj),8b  +  >iH,0.     Mtlkft  Sulpka-ihlBTidt,  CH,.SO,a, 


(CiP, 
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Ethyl  Salphonic  Acid,  C-Hg.  SO,H,  is  oxidized  by  concentrated  nitric  acid  to 
ethyl  sulphuric  acid,  C,H.O .  SOgH  (p.  144). 

Its  Uad  sait,  (CjHj .  SO,)2Pb,  is  readily  soluble.  Its  cMoruie,  CjHj .  S0,C1,  boUs  at 
I77«.  Its  nuthyi ester,  CjHjSOjCH,, boils  at  I98».  Its eihyl  ester,  C,H, .  SO,.  C,H^ 
boils  at  213.4®. 

G.  Alkyl  Thiosiilphuric  Acids. 

I.  The  well-crystallized  alkali  salts  of  these  acids  are  made  by  acting  upon  alka- 
line hyposulphites  with  primary  saturated  alkyl  iodides  (B.  7,  646,  1 157)  or  alkyl 
bromides  (B.  26,  996)  : 

C,HJ  +  NaS .  SOjNa  =  CjH^S .  SO,Na  +  Nal. 

Sodium  ethyl  thiosulphate  is  called  Bunte's  salt,  after  its  discoverer.  (2)  It  also 
results  when  iodine  acts  upon  a  mixture  of  sodium  mercaptide  and  sodium  sulphite : 

CjHjSNa  -f  NaSOjNa  -f  I,  =  C^H^S .  SO^Na  +  2NaI. 

The  free  acids  are  not  stable.  Mineral  acids  convert  sodium  ethyl  thiosulphate 
into  mercaptan  and  primary  sodium  sulphate.  Heat  breaks  down  the  salts  into 
disulphides,  neutral  potassium  sulphate,  and  sulphur  dioxide. 

H.  The  Alkyl  Thiosulphonic  Acids. 

These  acids  are  only  stable  in  salts  and  esters.  They  are  formed  by  the  action  of  the 
chlorides  of  sulpho-acids  upon  potassium  sulphkle :  C^H^ .  SO,Cl  +  ^t^  =  KCl  -|- 
C,H^ .  SO, .  SK.  The  esters,  R .  SOjSR,  of  this  new  class  were  formerly  called  alkyl 
disulphoxuies,  R,S,0|,  and  are  obtained  (l)  from  the  alkali  salts  by  the  action  of 
the  alkyl  bromides  (B.  15, 123)  :  C,Hj.  SO,  .  SK  -|-  C,H.Br  =  CjHj .  SO, .  SC,H.  -f 
KBr;  and  (2)  by  the  oxidation  of  mercaptans  and  alkyl  disulphides  with  dilute 
nitric  acid :  (C,H5),S,  -f  O,  =  C,!!^ .  SO, .  SC,Hj.  These  esters  are  liquids,  insoluble 
in  water,  and  possessed  of  a  disgusting  onion-like  odor  (B.  19,  1241,3131).  Ethyl 
Thiosulphunc  Ethyl  Ester,  ^H^ .  SO, .  S .  CjH^,  boils  at  I30<'-I40'*. 

I.  Esters  of    Hydrosalphurous  Acid — Sulphinic  Acids.      Two  structural 

IV  JJ        VI 

formulas  are  possible  for  hydrosulphurous  acid :  H  .  SO .  OH  and  *t>SO,.       Re- 

IV 

place  one  hydn^n  atom  and  the  sulphinic  acids  result,  e.  g. ,  (l)  C,Hg .  SO .  OH  or 

The  true  alkyl  sulphinic  esters  are  derived  from  the  first  formula.  The  sulphones 
can  be  referred  to  the  second  formula  (p.  151).  The  sulphinates  are  produced  as 
follows : 

(1)  By  the  oxidation  of  the  dry  sodium  mercaptides  in  the  air. 

(2)  When  SO,  acts  upon  the  zinc  alkyls,  the  sulphinic  acids  (their  zinc  salts) 
result. 

(3)  When  zinc  acts  upon  the  chlorides  of  the  sulphonic  acids : 

( 1 )  C,H.SNa  4-20  =  C,H.SO,Na 

(2)  (C,H5),Zn  4-  2SO,  =  rC,H5S6,J,Zn 

(3)  2C,HjSO,Cl  +  2Zn  =  [C,H5SO,],Zn  -f  ZnCl,. 

The  sulphones  (p.  151)  are  produced  in  the  action  of  alkyl  iodides  upon  the 
alkaline  snlphonates,  while  the  real  esters  result  from  the  ethcrification  of  the  acids 
with  alcohol  and  hydrochloric  acid,  or  by  the  action  of  chlorcarbonic  esters  upon  the 
sulphinates  (B.  18,  2493) :  R.  SO,Na  +  CI .  CO,R  =  R  .  SO .  OR  +  CO,  -f  NaCl. 
When  these  esters  are  saponified  by  alcohol  or  water  they  break  down  into  alcohol 
and  sulphinic  acid,  while  the  isomeric  sulphones  are  not  altered.  The  free  sulphinic 
acids  are  liquids ;  not  very  stable ;  they  rapidly  oxidize  to  sulphonic  acids.  Potassium 
permanganate  and  acetic  acid  convert  the  sulphinic  esters  into  sulphonic  esters  (B. 
19,  1225),  whereas  the  isomeric  sulphones  remain  unchanged. 
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4.  SELENIUM  AND  TELLURIUM  COMPOUNDS. 

These  are  perfectly  analogous  to  the  salphar  compounds. 

Ethyl  Hydroselenide,  C,IL.SeH,  is  a  colorless,  uopleasant-smelUng,  Teiy 
mobile  liquid.     It  combines  readily  with  mercuric  oxide  to  form  a  mercaptide. 

Ethyl  Selenide,  (C,Hj),Se,  is  a  heavy,  yellow  oil,  boiling  at  108^.  It  unites 
directly  with  the  halogens,  e.  g,y  (C,H(),SeCL.  It  dissolves  in  nitric  acid  with  for- 
mation of  the  oxide,  (C,H(),SeO,  which  yields  the  salt,  (C,H.),Se(NO,V 

Tellurium  mercaptans  are  not  known.  Methyl  Telluriae,  (CH,),Te,  boils  at 
80-82^  and  Ethyl  Telluride,  (C,H5),Te,  boils  at  137.5**.  They  are  obtained  by 
distilling  barium  alkyl  sulphate  with  potassium  telluride.  They  are  heavy,  yellow 
oils.  'Hie  following  compounds  are  derived  from  them:  (CH,),Te(NOs)„  (CH,),- 
TeQ,,  (CH,),TeO.  (CH,),TeI.  (CH,),Te.  OH,  etc. 

Dimethyl  Tellurium  Oxide,  (CH,)/reO,  is  a  crystalline  efflorescent  compound. 
In  properties  it  resembles  CaO  and  PbO.  It  reacts  strongly  alkaline,  expels 
ammonia  from  ammonium  salts,  and  forms  salts  by  neutralizing  adds. 


5.  NITROGEN  DERIVATIVES  OF  THE  ALCOHOL  RADICALS. 

A.    IIONONITRO-PARAPPINS    AND    OLBPINB8,    HALOGEN     IIONONITRO- 

PARAPPINS. 

By  nitro-bodies  are  understood  compounds  of  carbon  in  which  the 
hydrogen  combined  with  the  latter  is  replaced  by  the  univalent  nitro- 
group,  NOf.  The  carbon  is  directly  united  to  the  nitrogen,  as  the 
reduction  of  the  nitro-derivatives  yields  amido-compounds : 

R'.  NO,  +  6H  =  R''.  NH,  +  2H,0. 

In  the  aromatic  series  the  hydrogen  atoms  of  the  benzene  nucleus 
are  readily  replaced  by  nitro -groups,  e,g. : 

CgHg  +  N0,0H  =  CgH^NO,  +  H,0. 

Nitrobenzene. 

• 

Comparative  refractometric  investigations  have  shown  that  the  nitro-groop  in 
nitroethane,  and  that  in  nitrobenzene,  do  not  have  the  same  structure  (Z.  ph.  Ch. 
6,  552 ;  compare  p.  156).  See  B.  a8,  R.  153,  upon  the  heat  of  combustion  of  the 
nitro-paraffins. 

(i)  Fatty  bodies  can  only  be  directly  nitrated  under  certain  con- 
ditions. This  is  particularly  true  when  the  substance  contains  a 
tertiary  carbon  atom,  e,  ^.,  CHCl,,  chloroform,  or  isovaleric  acid, 
(CHi)iCH .  CH, .  CO,H,  etc.  Normal  hexane,  normal  octane,  and 
paraffins  richer  in  carbon  have  been  nitrated  by  merely  heating  them 
t(M 30-140®  with  dilute  nitric  acid  (Konowalow,  B.  26,  R.  108;  B. 
28,  1863). 

(2)  A  common  method  for  the  preparation  of  the  mononitro- 
dcrivatives  of  fatty  hydrocarbons — the  nitroethanes — consists  in 
V^-** —  ^^'^  'odides  of  the  alcohol  radicals  with  silver  nitrite  (  V.  M<yer, 
i»  i;  I75f  88;  180,  III): 

CjHJ  +  AgNO,  =  C^H^ .  NO,  +  AgL 
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The  isomeric  esters  of  nitrons  acid,  such  as  C,H^ .  O .  NO,  arise  (B.  15, 1547)  in  this 
reaction.  From  this  we  would  infer  that  siWer  nitrite  conducted  itself  as  if  appar- 
ently consisting  of  AgNO,  and  Ag.  O.  NO.  (Potassium  nitrite  does  not  act  like 
AgNO,.)  Since,  however,  CH,I  only  yields  nitromethane,  and  the  higher  alkyl- 
iodides  decompose  more  readily  into  alkylens,  the  greater  the  quantity  of  nitrous  acid 
esters,  it  would  appear  that  the  formation  of  esters  is  influenced  by  the  production  of 
alkylens,  which  afterward  form  esters  by  the  union  with  HNO,  (A.  x8o,  157,  and 
B-  9f  529).  Possibly  the  alkylogens  add  themselves  directly  to  the  nitr<^n,  or  in 
consequence  of  an  opening-up  of  the  double  N  =  O  union. 

(3)  Simultaneously  with  the  discovery  of  method  2,  Kolbe  demonstrated  that 
nitromethane  resulted  from  the  action  of  potassium  nitrite  upon  chlor-acetic  acid. 
The  first  product  in  thb  instance  was  nitro- acetic  acid,  which  broke  down  into  carbon 
dioxide  and  nitromethane  (J.  pr.  Ch.  [2]  5,  427) : 

CH,a .  CO,H  >-  [CH,(NO,) .  CO,H]  y  CHjNO,  +  CO,. 

(4)  By  a  nucleus-synthesis:  Zinc  alkyls,  acting  upon  chlor-  and  brom-nitro- 
paraffins,  produce  mononitro-paraffins  (B.  a6,  129)  : 

Zn(CHa), 

jCH, .  CHBrNO,  >-  CH, .  CH(NO,) .  CH,,  Secondary  Nitropropane. 

Zn(CH,), 
CCl, .  NO,  y  C .  NO,(CH,)„  Tertiary  Nitrobutane. 

Properties  and  Transpositions  df  the  Nitro-paraffins. — The  nitro- 
paraifins  are  colorless,  agreeably- smelling  liquids,  which  are  sparingly 
soluble  in  water.  They  distil  without  decomposition,  and  only  explode 
with  difficulty.  Their  boiling  points  lie  considerably  higher  than 
those  hii  the  corresponding  nitrous  esters  (p.  144). 

(i)  (Caustic  potash  and  soda  do  not  decompose  the  nitro-paraffins. 
They  readily  break  down  the  isomeric  nitrous  esters  (p.  144)  into 
nitrous  acid  and  alcohol.  It  is  remarkable  that  the  nitro-parafiins 
deport  themselves  like  acids,  thus  differing  from  the  halogen  substitu- 
tion products.  An  atom  of  hydrogen  in  them  can  be  replaced  by  the 
action  of  caustic  alkalies : 

CH, .  CH,(NO,)  +  KOH  =  CH, .  CHK(NO,)  +  H,0. 

The  nltio-gronp  alwajrs  exerts  such  an  acidifying  influence  upon  the  hydrogen  in 
onion  with  carbon.  It  is  further  increased  by  the  entrance  of  halogen  atoms  or  nitro* 
groups,  but  limits  itself  to  the  hydrogen  atom  united  with  the  carbon  atom  carrying 
the  nitro-gronp. 

Thus  the  compounds:  CH, .  CHBr(NO,) ,  broro-nitroethane,  CH,.CH(NO,)„ 
di-nitroethane,  CH(NO,),,  nitroform,  etc.,  are  strong  acids,  while  CH, .  CBr,(NO,) 
and  (CH,)2C(NO,)„  /3-dinitro-propane,  etc.,  possess  neutral  reaction  and  do  not 
combine  with  bases.  The  acid  properties  diminish  with  increasing  molecular  weight. 
From  aqueous  solutions  of  the  alkali  salts,  salts  of  heavy  metals  precipitate  metallic 
compounds,  which,  as  a  rule,  explode  with  great  yiolence.  ^ 

Nef  assumes  in  the  metal  derivatives  of  the  nitro-paraffins  that  the  metal  is  com- 
bbed  with  oxygen,  e.  g, : 

ch,.ch  =  nC        » 

because  they  are  resolved  by  acids  into  aldehydes  or  ketones  and  nitrous  oxide. 
When  caiefolly  treated  with  acids,  the  nitro-paraffins  can,  in  part,  be  regained  from 
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L  metallic  deri.«l.».    It  -«gbt  be  «ua«d.  therefore,  that  the  unsUble  (l-blle) 
bodies  of  the  fonnul.  RCH :  ^      when  l.be«.ed  f«Hn  their  salts  pass  o.er  into 

.  .  o  rw  NO  The  deportment  of  phenyl  nitromethane 
the  more  suble  vanety  R.  ^^-JJ^r  ^^^^  .^^P^^^^  „,odificalions.  C,H,CH.NO. 
renders  this  view  probable ,  it  occurs 

andC,H,CH:N<^^(B.«9.i«3). 

^    ,  Ji  ,Mi«n  the  nitro  bodies  (V.  Meyer.  B.  a4,  35*8.  4^43 ;  ^S. 

.;<:;  X  cf ?Mo^w",f M.^x',c^"  (p-  '7^)  «"<>  *- '-  «>"'^  "-^-^ = 

_i^  nvx     KH   OH ^  CH.NH-. 

T^e  conversion  of  nitr^pan^c-J^pn^ary^^^^^^^^ 

°"  /OH  CH,-NOH. 

CH,NO„  CH,=  N^    .  ^-6 


/ 


lecondary,  or  tertia7  '»^«=^-  ^__-„„d.  ^th  a  solution  of  NQ,K  in  conceiXated 
On  mixing  the  pnm«7  °''^„~'?P^„  ga.  the  solution  assumes  in  the  b^i„g 
potassium  hydroxide  and  «^<1"^8  ^l^'^J^'^^  .IWi  salt  of  a  tdtrolic  aci/ 
5n  intense  red  color  due  »»•"'""'•  ^^Sls,  when  subjected  to  siim£r  treat- 

^NOH    ,  „-        / 
CH,.CH.NO.+  NOOH  =  CH,.C<;^^      +  H,0      ^ 

Ethyl  Nltrolic  Acid 
(Nitro-acetoxlme).        / 

(CH,).CHNO,  +  NOOH  =  (CH,),C<jjo^  +  H.O. 

Propyl  Pteudonitrol. 

The  nitro-compound.  of  .erti«T  "^f  ^t r^^arc^lf  llSist'meil^s'^f 

SSinSsSnrJK'^"'^:^  -<»  ^^  ""^^  "^^  ^"  *'"  '°*'"^' 
from  on"  f"^'*'*-    .  h--_:o.  actine  upon  the  alkali  salts  of  primary  and  secondaiy 

•  <*^  '^''ffiT^^u^\~-  iSrhZ-nitro-substitution  pr^ucu.      In  tiiem  the 
nitro-paraffins,  I»«4uce  CBlOT^  ^  ^^  nitro-group. 

"''^rcot^u^is^^ulK^  f^the  action  of  sodium  ethyUte  and  ti.e  alkyl  iodides 

»»^-  *'  .hir^v°eS  "^W^'in.o  ^Thy'lline  oxide  (B.  «.  R.  250). 

^^H^l^^ro^P' ■■  ifitromeLne,  CH.NO..  boils  at  I0.«.  Ufa 
bomrriT^th  Kydroxamic  acid.  Mium^^A  potassium  m/r*«rfW  explode 
isomeric  wiiu  """^         ,  heated.     This  also  occurs  when  these  substances, 

r*A"i  r  k»t«  ^*  ii  ^n^  with  traces  of  water  (B.  ay.  34o6).  When 
dried  in  »  f^^*";^'";  ~^„  K^i„„  niuometiiane,  fulminating  mercury  U  produced 
c^^esubhm^e  '^^^^^  ^,  Aitromethane  or  of  hyd«,xyl«nine 

l  J  !:li!;«,1^  noon  sodium  nitromethane,  Methatonic  And,  C,H,N,0„  is  formed. 
I?ttm"n^a^T  unknown  corititution  (B.  a,.  2288),  and  melu  at  79'. 
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NUro^hane^  CH,.CH,NO„  boils  at  II3-H4*>;  a-Ni/ropropane,  CH,.CH,.- 
CH,NO„  boils  at  I30-I3I<> ;  NUro-normal  butane^  CH, .  CH,  .  CH, .  CH,NO„  boils 
at  I5I«»;  NUro-isobutane,  (CH,),CH .  CH,NO„  boils  at  I37-I40*> ;  NUro-normal 
octane,  CH, .  [CH  J, .  CH, .  NCX,  boils  at  20S-2I2*>. 

Secondary  Aiono-nitro  paraffins :  Isonitropropane,  (CH,),CHN02,  boils  at  1x7- 

1 19'» ;   Secondary  Niirobutane,  ^[|5>CHN0„  boils  at  I38*>. 

Tertiary  Mono-nUro-paraffins :  Tertiary  Nitrobutane,  (CH,),C.NO,,  boils  at 
126®. 

Halogen  NiirO'Compounds :  Ck/or-nitrometkane,  CH,Q(NO,),  boils  at  122^; 
Brom-nitro-methane,  CH,Br(NO,),  boils  at  146^  (B.  29,  1823);  Brom-nitro-ethane, 
CH,.  CHBr(NO,),  boils  at  146-147^';  abrom-nitrepropane,  CH^.  CH,  .CHBr(NO,), 
boils  at  160-1650.  All  of  these  bodies  are  acids.  The  hydrogen  of  the  — CHC1(N0,) 
or  — CHBr(NO,)  group  is  replaceable  by  the  alkali  metals. 

Systematically  considered,  these  derivatives  belong  to  the  aldehydes.  It  is  only 
because  of  their  genetic  relations  that  they  are  described  at  the  conclusion  of  the 
mono-nitro-paraffins.  Thus,  p-brom-P-nitropropane,  (CH,),CBrNO,,  boiling  at 
148-150®,  belongs  aAer  acetone,  while  dibrom-nitromethane^  CHBr,(N02)  (B.  29, 
l%2^),  diirom-niiroetkanef  CH|CBr,(NO,),  boiling  at  16$^,  taid dibrom-nitrcpropane, 
boiling  at  185®,  should  follow  formic  acia,  acetic  acid,  and  propionic  acid.  Nitro- 
chloroform  or  chlorpicrin,  CQ-NO,,  and  nitrobromoform^  or  brompicriny  CBr,NO,, 
will  be  discussed  after  CQ^,  CBr^,  CI4,  together  with  carbonic  acid. 

The  halogen  atoms  in  the  cnlor-  and  brom-nitro-paraffins  can  be  replaced  by 
alcohol  radicals  through  the  action  of  sine  alkyls.  Thus,  higher  homologous 
mono-nitro-paraffins  can  be  prepared  by  nucleus-s3mtheses  (p.  155^. 

Nitropropylene,  CH,=  CH.  CH,NO,,  from  the  action  of  ally!  bromide  or  iodide 
upon  silver  nitrite,  is  a  thick,  brownish  oil.  It  cannot  be  distilled  without  decom- 
position even  under  much  diminished  pressure.  In  every  other  respect  it  manifests 
the  characteristic  behavior  of  a  primary  nitro-body  (B.  25,  1701). 

Note. — Niirolic  Acids  and  Pseudonilrols. — These  two  classes  of  derivatives  will 
be  treated  at  this  point,  although  the  nitrolic  acids  belong  after  the  mono-carboxylic 
adds,  into  which  they  readily  pass,  as  well  as  the  imido-amides  or  amidines  and  the 
amidoximes : 

yOH  /NH,  /NO,  /NH, 

CH.C<^  ^«.<K„  ^«<0H         "<NOH 

Acetic  Acid.  Acetamidine.  Ethyl-nitrolic  Acid.    Ethenyl  Amidoxime. 

Systematically  considered,  the  pseudonitrols  should  follow  the  ketones.  They 
arise  from  their  oximes,  and  are  probably  to  be  regarded  as  their  nitric  acid  esters : 

(CH,),CO        (CH,),C<JJg«      {CH,),C  =  N .  ONO,        (CH,),C  =  NOH 

Acetooe.  v~ « '  Acetozime. 

Propyl  Pseudonitrol. 

Nitrolic  Acids. — ^They  are  produced  (i)  by  the  action  of  nascent  nitrous  acid  upon 
the  primaij  nitro-paraffins.  (2)  By  treating  the  dibrom-nitro-paraffins  with  hydroxyl- 
amine: 

/NO, 
CH, .  CBr,(NO,)  +  H,N .  OH  =  CH, .  C^  +  ^HBr. 

^N.OH 

Therefore  they  are  to  be  regarded  as  nitro-oximes. 

The  nitrolic  acids  are  solid,  crystalline,  colorless,  or  faintly -yellow  colored  bodies, 
scJnble  in  water,  alcohol,  ether,  and  chloroform.  They  are  strong  acids,  and  form 
salts  with  alkalies  which  are  not  very  stable,  yielding  at  the  same  time  a  dark  red  color. 
They  are  broken  up  into  hydroxylamine  and  the  corresponding  fatty  acids,  by  tin  and 
hydrochloric  acid.    When  heated  with  dilute  sulphuric  acid  they  split  up  into  oxides 
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of  ^nitrogen  ukd  fatty  adds.  They  yield  their  esters  when  tremted  with  acid  chlorides 
(B.  ay,  1600;  ag,  1218). 

/NO, 
Methyl  Nitxolic  Acid,  CH^  >  <ases  at  64«. 

^N.OH 
/NO, 
Bthyl  Nitrolic  Acid,  CH, .  CC  >  melts  at  8i-82«. 

^.OH 

/NO, 
Propyl  Nitrolic  Acid,  CH, .  CH, .  Cs.  ,  melts  at  60°,  with  decomposition. 

^NO.H 

Paeudonitrols. — The  pseudonitrols,  isomeric  with  the  nitrolic  acids,  are  formed 

(1)  by  the  action  of  nitrous  acid  upon  the  secondary  nitro-paraffins  (see  p.  156) : 

(CH,),CH(NO,)  -h  NO .  OH  =  (CH,),C<^g«  +  H,0. 
laonitro-propane. 

They  are  .to  be  viewed  as  nitro-nitroso  compounds.     They  are  more  easily  produced 

(2)  by  the  action  of  N,04  upon  ketonoximes  (see  these)  (B.  az,  507) : 

4(CH,),C :  N .  OH  +  3N,0,  =  4(CH,),C<^g«  +  2H,0  +  2NO. 

They  are,  in  all  probability,  the  nitric  acid  esters  of  the  acetoximes,  (CH,),C  = 
N.O.NO,  (B.  ai,  X294). 

The  pseudonitrols  are  crystalline  bodies  with  pungent  odor,  colorless  in  the  solid 
condition,  but  exhibiting  a  deep  blue  color  when  fused  or  dissolved  (in  alcohol,  ether, 
chloroform).  They  show  a  neutral  reaction,  and  are  insoluble  in  water,  alkalies,  and 
acids.  Dissolved  in  glacial  acetic  acid,  they  are  oxidized  by  chromic  acid  to  dinitro- 
eompmtnds. 

When  reduced  by  hydroxylamine  in  alkaline  solution,  they  are  changed  to  ketox- 
imes  (B.  ag,  88,  98) : 

(CH,), .  C<JJg« J-  (CH,),C  =  N .  OH. 

NO 
Propyl  Pseudonitrol,  (CH,),C<j^q*,  nitro-nitroso-propane,  melts  at  76°. 

Butyl  P8cudonitrol,^^2»>C<JjQ«,  melts  at  s8<>.      Consult  B.  ag,  94,  for 

higher  homologues. 

Dinitro-paraffins. — There  are  three  classes  of  dinitro-paraffins.  The  two  nitro- 
groups  are  joined — 

(x)  to  one  terminal  carbon  atom:  cj,-^mf?r0-/ar^/fj  or  primary  dinitro-compounds; 

(2)  to  an  intermediate  carbon  atom :  meso-diniiro-paraffins  or  secondary  dj nitro- 
compounds; 

(3)  to  two  different  carbon  atoms. 

These  three  classes,  according  to  the  position  of  the  groups,  bear  the  same  relations 
to  aldehydes,  ketones,  and  glycols  as  the  mono-nitro-paraffins  sustain  to  the  alcohols : 

CH.OH  CHO  CO  /CH,0H 

II  A  ch,<; 

CH,  CH,  CHjCH,  ^CH,0H 

CH,NO,  CH(NO,),  C(NO,),  ^CH,NO, 

II  A  CH,<^ 

CH,  CH,  CH,  CH,  ^CH,NO, 

Notwithstanding  these  points  of  relationship,  it  is  practicable  to  discuss  the  dinitro- 
vaffins  after  the  pseudonitrols. 
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Formation. — (z)  By  the  oxidation  of  the  pseudoDitrols  with  chromic  acid  miso- 
diniiro-paraffins  are  produced : 

(CH,),C<Ng«  _2_>  (CH,).C<Ng». 

(2)  They  result  from  the  interaction  of  potassium  nitrite  and  the  brom-nitro' 
paraffins: 

CH,CHBr(NO,)  +  KNO,  =  CH, .  CH<JJ^»  +  KBr. 

(3)  By  the  action  of  concentrated  nitric  acid  upon — 

iaS  secondary  alcohols, 
b)  ketones, 

(r)   mono-alkylized  aceto-acetic  esters, 
the  carbon  chain  is  torn  asunder  and  u^-dinitro-faraffins  are  formed : 


(C,H5),CH0H >-  CH, .  CH, .  CH(NO,),  +  CH, .  CO.H 

(CjHsJ.CO        >-  CH, .  CH, .  CH(NO,),  +  CH, .  CO,H 

CHjCO .  CHlC,H5)C0,C,Hj ^  CH, .  CH, .  CH(NO,),  +  CH, .  CO,H  +CO,. 


(4)  By  the  oxidation  of  saturated  mono-carboxylic  acids,  containing  a  tertiary 
carbon  atom,  with  nitric  acid :  isobutyric  and  isovaleric  acids  yield  meso-dinitro- 
/repoMe,- 


(CH,),CHCO,H  (CH,),CH .  CH, .  CO,H  >  (CH,),C(NO,),. 

The  primary  dinitro-bodies  are  acids.  The  primary  and  secondary  classes  split 
off  hydroxylamine  when  they  are  reduced  with  tin  and  hydrochloric  acid.  The 
former  3rield,  at  the  same  time,  mono-carboxylic  acids,  and  the  latter  ketones.  This 
deportment  led  to  the  consideration  of  the  following  structural  formulas  for  the  two 
classes  of  dinitro-derivatiTcs  (B.  23,  3494) : 

•OH  V   .O.NO, 

CH,C^  for  CH,.CH(NO,), ;  (CH,),C=nC  for  (CH,),C{NO,),. 

l^l'Dinitroethane^  CH..CH(NO,)„  boils  at  l85-l86<»;  l^x-DinUropropane^ 
CH,.  CH,.CH(NO,),.  boils  at  1890.  1,  \-DinitrohexanehQ\\i9!iZ\2^,  2,2'Dinitro- 
propane^  CH, .  C(NO,), .  CH,,  melts  at 53°  and  boils  at  185.5®.  2,2-Dinitrobutatu^ 
CH,.  CH, .  C(NO,), .  CH„  boils  at  199**.  Higher  homologues,  see  B.  29,  95.  The 
oolyciH,  ty-,  or  ItyDinitropropane,  NO,CH,  .  CH, .  CH,NO,,  having  the  two  nitro- 
groaps  attached  to  different  carbon  atoms,  is  an  unstable  oil  obtained  by  the  action 
of  Aj^NQ,  apon  trimethylene  iodide  (B.  25,  2638). 

Of  the  poiy-nitro-derivatives  of  methane  there  remain  nitroform^  CH(NO,),,  to  be 
considered  after  chloroform,  bromoform,  and  iodoform  in  connection  with  formic 
acid,  hromnitroform^  C(NO,),Br,  and  tetranitrometkane^  C(N02)4,  which  will  come 
ap  for  consideration  under  carbonic  acid,  following  chlorpicrin  and  brompicrin. 


B.    ALKYLAlflNBa  AND  ALKYL  AMMONIUM  DBRIVATIVB8. 

Alkylamines  are  those  bodies  which  result  from  the  introduction  of 
tmivalent  alkyls  into  ammonia  for  its  hydrogen. 

One,  two,  and  three  hydrogen  atoms  of  the  ammonia  molecule  may 
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suffer  this  replacement,  thus  yielding  the  primary^  secondary^  and 
tertiary  amines : 

n/&"*    n/^S    ^^      n/§S:    n/^S; 

EthyUmine.       DtethylAmine.  Methyl  TriethyUmioe.     Metbyl-ethyl- 

Ethylamine.  propylamine. 

These  are  also  sometimes  called  amide,  imide,  and  nitrile  bases. 
Under  the  imide  and  nitrile  bases,  the  secondary  and  tertiary  amines, 
we  distinguished  simple  amines,  those  with  similar  alcohol  radicals, 
and  mixed  amines,  those  containing  different  alcohol  radicals ;  com> 
^9ixe  simple  and  mr^// ethers  (p.  132).  Derivatives  also  exist  which 
correspond  to  the  anmionium  salts  and  hypothetical  ammonium 
hydroxide,  NH^OH : 

(C,H»),Na  (C,H,),N.OH 

Tetnethyl  Ammonium  Chloride.  Tetraethyl  Ammonium  Hydroxide. 

These  are  the  quaternary  alkyl  ammonium  compounds. 

Isomerism  of  the  Alkylamines. — The  isomerism  of  the  simple  alkyl- 
amines  depends  upon  the  homology  of  the  alcohol  radicals,  metamerism; 
and  in  the  higher  alkylamines,  in  addition,  upon  the  different  position 
of  the  nitrogen  in  the  same  carbon  chain,  isomerism  of  position;  and 
also  upon  the  different  manner  of  linkage  of  the  carbon  atoms  of  the 
isomeric  alkyl  residues,  nucleus  isomerism  (p.  41). 

There  are  seven  isomerides  of  QHuN : 


N^H  N^CH, 

1h  1h 


fCH^ 
N     CH, 
I CH, 
4-Isomeric  Butyl-  a-Isomeric  Propyl-  Ethyl-dimethyl 

amines.  methylamines.  Amine. 


History. — ^The  existence  of  alkylamines,  or  alcohol  bases,  was  very  definitely  pre- 
dicted by  Liebig  in  1842  (Hdw.  i,  689).  In  1849  Wiirtz  discovered  a  method  for 
the  preparation  of  primary  amines.  It  consisted  in  decomposing  isocyanic  ether 
with  caustic  potash.  This  was  a  discovery  of  the  greatest  importance  for.  the  devel- 
opment of  organic  chemistry.  Shortly  after,  in  1849,  A.  W.  Hofmann,  by  the 
action  of  alkylogens  on  ammonia,  discovered  a  reaction  which  made  possible  the 
preparation  of  all  the  classes  described  in  the  preceding  paragraphs:  primary^  secon- 
dary^ tertiary  amines^  and  the  alkyl  ammonium  bases.  This  dforded  the  experimental 
basis  for  the  introduction  of  the  ammonia  type  mio  organic  chemistry  (compare  p.  35) 
Since  that  time  numerous  other  methods  of  preparation  have  been  found,  particularly 
for  the  primary  amines. 

The  following  general  methods  are  the  most  important  for  preparing 
tli^  ahnve  compounds: 

~^he  iodides,  the  bromides,  or  the  chlorides  of  the  alcohol 
e  heated  to  100**,  in  sealed  tubes,  with  alcoholic  ammonia 
^<j««,  1849).  Two  reactions  occur  here :  first,  the  alkyl- 
bine  with  the  ammonia,  forming  alkyl  ammonium  salts, 
I  are  partially  decomposed  by  excess  of  ammonia,  with  the 
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production  of  alkylamines,  to  which  alkylogens  again  unite  them- 
selves— e,  g. : 

m 

NH3+C,H5l  =  NH,(C,H5)HI-^>NH,C,H5    +  NHJ 

NH,C,H,  +  C,H,I  =  NH(C,H,),HI     ^"'   >  NH(C,H,),  +  NHJ 

NHCaHj),  +  CVH,I  =  N(C,HjJ,HI        '""'   >  N(C,H^^),     +  NH J 
nM,),     -t-C,H,I  =  N(C,H,)J. 

The  final  product  consists  of  the  hydro-iodides  of  primary,  secon- 
dary, and  tertiary  amines,  and  of  the  amide,  imide,  and  nitrile  bases,  as 
well  as  the  quaternary  ammonium  compounds.  The  amines  are  best 
obtained  on  a  large  scale  by  the  action  of  ammonia  upon  the  alkyl 
bromides  (B.  22,  700). 

Potassium  and  sodium  hydroxides  decompose  the  salts  of  the 
amine,  imide,  and  nitrile  bases,  with  the  splitting-ofT  of  the  free 
bases,  whereas  the  quaternary  tetra-alkyl  ammonium  salts  are  not 
decomposed  by  caustic  alkalies,  and  can  thus  be  easily  separated 
from  the  primary,  secondary,  and  tertiary  amines  (B.  20,  2224). 

It  is  remarkable  that  the  primary  and  secondary  (B.  aa,  R.  343)  alkyl  iodides 
yield  at  the  same  time  secondary  and  tertiary  amines,  while  the  tertiary  alkyl  iodides 
do  not  form  amines,  but  split  off  hydrogen  iodide  and  pass  into  olefines. 

(I  ^)  The  esUrs  of  nitric  acid,  when  heated  to  loo^  with  alcoholic  ammonia,  react 
ID  a  manner  analogous  to  the  alkyl  iodides : 

C,H, .  O .  NO,  +  NH,  =  CjHj .  NH,  +  HNO3. 

ThU  reaction  b  often  very  convenient  for  the  preparation  of  the  primary  amines 
(B.  14,  421). 

( I  r)  Tertiary  amines  are  produced  when  primary  and  secondary  bases  are  heated 
with  an  excess  of  potassium  methyl  sulphate  (B.  34,  1678) : 

(CjHjjjNH  +  CH,OSO,K  =  (C,H6),NCH,  +  HOSO,K. 

(l  4/)  Mono-,  di-,  and  tri-alkylamines  are  obtained  by  directly  heating  the  alcohols 
to  250-300^  with  zinc-ammonium  chloride  (B.  17,  640). 

(2)  By  action  of  nascent  hydrogen  (HCI  and  Zn)  upon  the  nitro-paraffins  (p.  156), 
when  the  alkyl  hydroxylamines  appear  as  intermediate  products,  and  upon  the  halo- 
gen mooo-nitro-poraffins : 

CHjNO,  -h    4H  ==  CHjNHOH  -f  H,0. 
CH, .  NO,  -h    6H  =  CH, .  NH,    -f  2H,0. 
CCljNO,  -h  12H  =  CHjNH,       -f  2H,0  +  3HCI. 

This  method  is  particularly  important  in  the  manufacture  of  commercially  valuable 
primary  amines — e.  g,,  aniline — ^fix>m  the  readily  accessible  aromatic  nitro-bodies. 
Txain  discovered  the  method  when  investigating  the  reduction  of  nitrobenzene, 
Cf  H^NO,.     V.  Meyer  applied  it  to  the  aliphatic  nitro-derivatives. 

(3  d)  By  the  action  of  sodium  in  absolute  alcohol  upon  the  aldehyde- alky limides 
(B.  39,  21 10) ;  (3  ^)  when  zinc  dust  and  hydrochloric  acid  are  allowed  to  act  upon 
aldehyde- ammonia  derivatives  (B.  ay,  R.  437);  (3  0  from  the  pkenylhydrasones 
(Tafiel),  and  (3  d)  the  oximes  (^Goldschmidt)  of  the  aldehydes  and  ketones  by  means 

24 
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of  sodiam  ■nulgain  ftod  glacial  acetic  acid  (B.  19,  1925,  3233;  90,   505  ;   aa« 

1854) : 

(CH,),CH .  CH  =  N(CH,)  +  2H  =  (CH,),CH .  CH, .  NHCH, 
(CH.) .  CH  :  N_NH .  C-H.  +  4H  =  CH, .  CH,NH,  4-  C,HjNH, 
(CH,),C :  N— NH  .  C,H.  -h  4H  =  (CH,),CHNH,  -\-  C^H^NH, 
(CH,),C :  N— OH  -f  4H  =  (CH,),CHNH,  -(-  H,0. 

Reaction  3  a  yields  secondaiy  amines,  while  3  ^,  3  r,  and  3  J  afford  primary 
amines. 

(4)  By  the  action  of  nascent  hydrogen  (from  alcohol  and  sodium, 
B.  x8,  2957;  19,  783;  22,  1854)  upon  the  nitriUs  ox  alh^l  cyanides 
(Mendius,  A.  I2Z,  129): 

HON  +  4H  =r  CHjNH, ;  CH,  .  CN  +  4H  =  CH, .  CH,  .  NH,. 
Methylamine.        Acetonitrile.  Ethylamine. 

The  reaction  constitutes  an  important  intermediate  factor  both  in  the  synthesis  of 
alcohols  (p.  113)  and  of  amines. 

(5)  Warm  the  isocyanides  of  the  alkyls,  the  isonitriles,  or  carbylamines  with  dilute 
hydrochloric  acid ;  formic  acid  will  split  off  {A,  W.  Hofmann)  : 

CjHj .  NC  -h  2H,0  =  CjHj .  NH,  -f  CH,0,. 

(6  a)  The  esters  of  isocyanic  or  tsocyanuric  acid  are  distilled  with 
potassium  hydroxide  (WiirtZy  1848): 

CO :  N  .  CH,  +  2KOH  =  NH, .  CH,  +  CO,K,. 

Cyanic  acid  is  changed  to  ammonia  in  precisely  the  same  manner: 

CO :  NH  +  2KOH  =  NH,  +  CO,K,. 

To  convert  alcohol  radicals  into  corresponding  amines,  the  iodides  are  heated 
together  with  siWer  cyanate ;  the  product  of  the  reaction  is  then  mixed  with  puWer- 
ized  caustic  soda,  and  distilled  in  an  oil  bath  (B.  xo,  131). 

(6^)  The  isothiocyanic  esters  or  the  mustard  oils^  etc.,  are  also  broken  down  into 
primal^  amines  by  heating  with  water  or  dilute  acids : 

CS :  N .  C,H5  +  2H,0  =  CO,  +  H,S  +  C,HjNH,. 

(6  c)  The  isocyanic  esters  and  the  isothiocyanic  esters  or  mustard  oils  are  alkyl 
derivatives  of  the  imide  of  carbonic  acid,  and  thiocarbonic  acid.  The  alkyl  com- 
pounds of  the  imide  of  ophthalic  acid  (see  this)  have  shown  themselves  to  be  well 
adapted  for  the  preparation  of  primary  amines.  They  are  readily  prepared  by  acting 
upon  potassium  phthalimide  with  alkyl  iodides.  When  heated  with  potassium 
hydroxide  or  acids,  they  separate  into  phthalic  acid  and  primary  amines  (Gabriel,  ao, 
2224 ;  24,  3104) : 

^"«  {  [2 JC0>N  •  C.H5  +  2KOH  =  CH.  {  [y ^8||^  +  CH.NH,. 
(7)  By  the  distillation  of  amin-  or  amido-acids,  especially  with  baryta: 

CH, .  CH<^^«"  =  CH, .  CH,NH,  -f  CO,. 
Alanine.  Ethylamine. 
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(8)  The  splitting  up  of  the  secondary  and  tertiary  aromatic  p-nitroso-amines  into 
salts  of  niirosophenol  (see  this),  by  means  of  caustic  potash,  affords  a  means  of 
preparing  primary  and  secondary  amines  ;  p-nttro-sod-dimethyl  aniline  yields  dimethyl 
amine: 

NO[4]C,H,[i]N(CH3),  +  KOH  =  NH(CH,),  +  NOl4]C,H,[i]OK. 

(9)  The  conversion  of  the  amides  of  the  monocarboxylic  acids,  by 
means  of  caustic  potash  and  bromine,  into  amines,  containing  an 
atom  less  of  carbon  (A.  W.  Hofmann,  B.  iS,  2734;  xg,  1822). 

This  reaction  constitutes  an  intermediate  step  in  the  break -down  of  the  saturated 
monocarboxylic  acids,  because  the  primary  amines  can  be  changed  to  alcohols,  and 
the  latter  be  oxidized  to  carboxylic  acids,  containing  an  atom  less  of  carbon  than 
the  fatty  acids,  whose  amides  constituted  the  starting-out  material. 

The  reaction  proceeds  in  two  phases,  the  first  of  which  is  the  forma- 
tion of  the  brom-amide  of  the  fatty  acid,  and  the  second  step  the  con- 
version of  this  new  derivative  into  the  primary  amine : 

CjHj.  CO.NH,  4-  Br,  +  KOH  =  C,H.  .CO.  NHBr  -f-  KBr  -f  H,0 
C,Hj .  CO .  IS^HBr  -f-  3KOH  =  C^H^ .  NH,  -f  CO,K,  +  KBr  -h  H,0. 

When  I  molecule  of  bromine  and  2  molecules  of  the  amide  react,  the  product  con- 
sists of  mixed  ureas  ;  thus  acetamide  yields  methyl  aceto-urea. 

The  fatty-acid  amides,  with  more  than  5  C-atoms,  not  only  yield  amines,  but  also 
large  quantities  of  the  nitriles  of  the  next  lower  acids : 

C,H„ .  CO .  NH,  yields  C^H^j .  CN. 

(10)  From  acid-azides  and  alcohol.  The  corresponding  acid  is  converted  into  an 
ester,  the  oxyethyl  group  is  then  replaced  with  (NH  .  NH.)  by  means  of  hydrazine 
hydrate,  the  acid-azide,  R .  CO .  NH  .  NH,,  is  changed  by  nitrous  acid  into  the 
azide  R .  CO .  N,,  the  latter  is  boiled  with  water  or  alcohol,  and  the  resulting  urea  or 
nrethane  acted  upon  with  concentrated  hydrochloric  acid,  when  the  alkylized  base 
splits  off  (Curtius,  B.  27,  779;  29,  1 166). 

R.CO.y,  <^"»Q"  >  R.NH.CO,ON,H,       ^^     >  R.NH,. 

Properties  and  Transpositions  of  the  Amines. — The  amines  are  very 
similar  to  ammonia  in  their  deportment.  The  lower  members  are 
gases,  with  ammoniacal  odor,  and  are  very  readily  soluble  in  water ; 
their  combustibility  distinguishes  them  from  ammonia.  This  was  the 
property  that  attracted  Wiirtz  to  ethylamine  (B.  20,  R.  928).  The 
higher  members  are  liquids,  readily  soluble  in  water,  and  only  the 
highest  are  sparingly  soluble.  Many  amines  possess  the  power  of 
forming  hydrates  with  water,  accompanied  by  very  considerable  rise 
in  temperature.  They  can  be  dried  over  potashes.  Most  of  the  oily 
hydrates  contain  a  molecule  of  water  for  each  nitrogen  atom.  This 
can  only  be  removed  by  means  of  caustic  potash  (B.  27,  R.  579),  or 
by  distillation  over  barium  oxide.  Like  ammonia,  they  unite  directly 
with  acids  to  form  salts,  which  differ  from  ammoniacal  salts  by  their 
solubility  in  alcohol.     They  combine  with  some  metallic  chlorides^ 
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^  .•j'MiMWMb  pcHntly  siulogous  to  the  ammonium  double 

--      ■     ■.-"i^'-r      N.CHJH,a.AoCl,.      [N(CH,),Ha],HgClr 
"V  J,  ■  ■».■»;.»   2  :a<  iJums,  the  cupnunmonium  salts  and  other 
.v-4-.'-»  »••  •■*  wtJ«»i  by  amines. 

'.^  itthk-.-'  ?  ^rfuccr  than  that  of  ammonia,  and  increases  with 
,.j-v.  .^  i.*.i  i3tnxJuced(J.  pr.  Ch.  [a]33,  351). 
'  .^  ^^j_..  .  ,■(  :h<  primary  and  secoodary  amines,  as  compared 
.  V  e"-**  «>ia<s-  is  dependent  upon  the  ease  with  which  the 
.  »  Y  -.?•-•<«  *:■.•»»,  not  substituted  by  alcohol  radicals,  are 
"  ^,^  K'lvV.  tV  primary  and  the  secondary  amines  in  many 
' '  ^^  <(,'k«<«  '  i«  ammonia, 

„■,..  .w.-ttfs  distinguished  from  a  secondary  amine,  and  this 
^  "  ._  J.,  *iiae.  by  treatingthe  amine  alternately  with  methyl 
!■:.  .»i>ic  potash  until  all  the  hydrogen  atoms  in  the  ammonia 
''.  *.t  «--'*,'<J  t")'  methyl  groups.  Whether  the  latter  have 
^  ,  _^-  ,.ia:  their  number  may  be,  is  most  conveniently  deter- 
"  "...tv  jMtftsis  of  the  platinum  double  chloride  of  the  base 
"""  ^  V  hk;  *'^t  the  action  ol  the  methyl  iodide,  II  two  methyl 
"  ^_^^,^  _.„x«J.thentheamine  was  primary;  if  one  methyl  group 
'  ^..iv,  -X**  '**  ''^^  "^  secondary ;  and  should  the  base  remain 
"*'"  ^    _.»^.«  il  is  tertiary  in  its  character. 

"^ ,   «v\fdary,  and  primary  amines  may  also  be  obtained  by 
,  ji   ■t;:^*"  t'f  ^^  halogen  salts  of  the  ammonium  bases : 

NCH,).a  =N(CH,),  -|-CH,a 
NAH,t,Ha  =  NH{df,),  +  CH,a 
>iHCH,}iHa  =  NH,(CH,j  +  CH.a,  etc 

.  x*."t">*"*  ^^*'^  **"'  ^^^  commercial  production  of  methyl 
^  it-u«  trii»ethylamine. 

r^  .  i*pi  **t«nd*ry  amines  show  the  following  reactions: 
'"'^  »»«•  *^^  secondary  amines,  like  ammonia,  are  transposed 
^v(^  with  the  formation  of  mono-  and  di-alkylized  acid 
*"  «  th«t)  and  alcohols.  A.  W.  Hofmann  based  a  method  for 
'*^  <iiouol'  primary,  secondary,  and  tertiary  amines  upon  their 
-w'**^  .  ,   1.  ,,i  ,  I  .,,  ,1  ,1,.  /  H    a    -..- 


Ihadrrbuei  U  trealed  wilh  diethyl  oxalalE,  when  the  priniuy 
is  changcil  icp  dielhyl  oxamidc,  whith  is  soluble  in  water ; 
I  into  (he  ester  of  dimelhyl  oiainic  aciil  (see  oialic  acid 
ijrUmiiie  is  not  acted  upon; 


f  c,o,<g:  §1J;  -  c,o,  ^i^vif^  -,  c,H.  .011. 
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When  the  reaction-product  is  distilled,  the  unaltered  trimethylamine  passes  over. 
Water  will  extract  the  dimethyl  oxamide  from  the  residue ;  on  distillation  with  caustic 
potash  it  becomes  mttkylamine  and  potassium  oxalate : 

^°«<NH :  Ch|  +  ^^^^  =  ^'^*^*  +  »NH,(CH,). 

The  insoluble  dimethyl-oxamic  ester  is  converted,  by  distillation  with  potash,  into 
Jimethylamine  : 

^^«<N(cfe  j',  +  ^^^^  =  ^^*^«  +  NH(CH,),  +  C,Hj .  OH. 

The  behavior  of  the  primary  and  secondary  amines  toward  formaldehyde  allows 
of  their  separation  from  one  another  (B.  ag,  R.  590). 

(2  a)  The  secondary  aliphatic  amines,  e,g.y  diethylamine  (also 
piperidine),  gre  readily  transposed  by  a  series  of  reactive  non-metallic 
chlorides,  non-metallic  oxy-  and  sulpho-chlorides,  as  well  as  chlorides 
of  inorganic  acids.  The  dialkylamine  residue  replaces  one  or  all  of 
the  chlorine  atoms.     The  products  are  dialkylized  acid  amides  (B. 

39,  710)- 

Thionyl  chloride  replaces  both  the  hydrogen  atoms  in  primary 
amines  by  the  thionyl  residue,  with  the  production  of  thiony /amines, 
the  alkylized  imides  of  sulphurous  acid  (Michaelis),  which  bear  the 
same  relation  to  sulphur  dioxide  that  the  isocyanic  esters  sustain  to 
carbon  dioxide. 

The  following  arrangement,  taking  diethylamine  as  example,  affords 
a  review  of  these  reactions : 

SCI  S— N(C,H.), 

Sa       ^  S-N(C,HO,      I>itWo-diethylamine. 

SCI,      X  ^<n[&H*|'     Monothio-diethylamine. 

S0N(C,H5*)  *      Thionyl-ethylamine. 

SOCL \^ 

^  SO<JJ[^^*|«  Thionyl-diethylamine. 

SOjCl, >-  SO,<^|^|J»|«  Sulphuryl-  or  Sulpho  diethyl-amine. 

PCI,      >-  PCLN(C^H.),     Diethylamine-chlorphosphine. 

7t  ro^ls^(^"6)s  Diethylamine-oxycblorphosphine. 


poa, ^ 


PO  [N(C.H.),  ]•  Tridiethylamine-phosphine-oxide. 


PSCl,    >-  PSCljNfCjHj),  Diethylamine-sulphochlorphosphine. 

BCL      >-  BCljNfCjHj),    Diethyla&ine-chlorboride. 

SiCf^     >-  SiCl,N((^H4),    Diethylamine-chlorsiUcide. 

(2  b)  Primary  and  secondary  amines  are  transposed  like  ammonia 
by  organic  acid  chlorides — e.  g,,  acetyl  chloride — into  mono-  and  di- 
aikyl  acid  amides. 

(2  c)  The  primary  and  secondary  amines  deport  themselves  similarly 
with  2,  4-diDitrobrombenzene  and  picryl  chloride  or  2,  4,  6-trinitro- 
chlorbenzene  (B.  z8,  R.  540). 
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(t)  Primary  and  secondary  amines  combine  with  many  inorganic 
and  organic  acid  anhydrides — e.g.,  sulphur  trioxide,  acetic  anhy- 
dride— to  fonn  amic  acids,  and  are  then  transposed  into  acid  amides. 

(4)  The  deportment  of  the  amines  toward  nitrous  acid  is  very  char- 
acteristic. Primary  amines  are  changed,  at  least  in  poit,  by  this  acid 
into  their  corresponding  alcohols  (p.  113): 

<VI,NH,  +  NO .  OH  =  C,H,OH  +  N,  +  H,a 
This  reaction  corresponds  to  the  decomposition  of  ammonium  nitrite 
into  water  and  nitrogen: 

NH,  +  NO.  OH  =  H^  +  N,  +  H,0. 

Frequently,  instead  of  the  expected  secondary  alcohols,  those  of  the 
tertiary  class  are  produced  (B.  34,  3350)- 

Nitrous  acid  converts  the  secondary  amines  into  nitroso-amints  (p. 
170): 


whereas  the  tertiary  amines  remain  unaltered  or  undergo  decomposi- 
tions. Indeed,  these  reactions  may  be  utilized  in  the  separation  of 
the  amines,  when  naturally  the  primary  amines  are  lost. 

(5)  Another  procedure,  furnishing  ■  partial  lepBrslioD  of  (he  tmines,  depcDdi  od 
their  laiying  behaTior  lowvd  orbon  disulphide.  The  free  twses  (iu  iqueous,  ■[a>- 
holic,  or  elherei]  lolution)  are  digeUed  wilh  CS,.  when  the  primuy  and  aecondaiy 
aroinel  farm  lalts  of  iilkyl  dithia-cirbaminic  acid  (see  this),  while  (he  teniuT 
amine!  lemain  imaffected,  and  may  be  distilled  off.  On  boiling  the  residue  wilh 
HgG,  or  KeCl,,  a  part  of  (he  priniBry  amine  is  expelled  from  the  compoood  as 
mustard  oil  (A.  W.  Hofmann,  B.  8,  105,  461 ;  14,  3754;  and  15,  1390). 

(6)  A  marked  characteristic  of  the  primary  amines  is  their  ability 
to  form  earhylaminei  (see  these),  which  are  easily  recognized  by  their 
odor  (A,  W.  Hofmann,  B.  3,  767). 

(7)  By  the  action  of  G,  Br,  or  I  alone  or  in  the  presence  of  caustic  alkali,  pH- 
ltiai7  and  secondary  amines  yield  alkylamine  halides  (p.  169). 

(S)  The  amines,  when  healed  vitb  potaaiium  permanganate,  are  gradually  oiidiied 
to  the  correipondiog  aldehydes  and  acids,  with  the  spliding-off  of  ammonia  (B.  B, 
1337). 

(a)  Amines  and  Ammonium  Bases  with  Saturated 
Alcohol  Radicals. 

iry  Amines. — Methylamine,  CH, .NH,',  occurs  in 
•tennis  and  annua,  in  bone-oil,  and  in  the  distillate  from 
irodiiccd  from  the  methyl  ester  of  isocyanic  acid,  by  the 
;hIoro|)icrin,  C<  IjCNO,),  and  hydrogen  cyanide,  and  by 
ition  of  various  natural  alkaloids,  like  thtlne,  ereatine, 

e.  The  best  waj  of  preparing  it  is  to  warm  brom- 
causti'-  '  —  p.  163). 


aih. 
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Methylamine  is  a  colorless  gas,  with  an  ammoniacal  odor ;  it  con- 
denses in  the  cold  to  a  liquid  boiling  at  — 6^.  Its  combustibility  in 
the  air  distinguishes  it  from  ammonia.  At  12^  one  volume  of  water 
dissolves  1 150  volumes  of  the  gas.  The  aqueous  solution  manifests  all 
the  properties  of  aqueous  ammonia,  but  does  not,  however,  dissolve 
the  oxides  of  cobalt,  nickel,  and  cadmium. 

Methyl  ammonium  chloride  melts  mt  210^.  Methyl  ammonium  picrate  dissolves 
with  difficulty,  and  melts  at  207^. 

Ethylamine,  QH^.  NH„  is  a  mobile  liquid,  which  boils  at  18^ 
and  has  a  sp.  gr.  of  0.696  at  8°.  It  mixes  with  water  in  all  propor- 
tions. It  expels  ammonia  from  ammoniacal  salts,  and  when  in  excess 
redissolves  aluminium  hydroxide ;  otherwise  it  deports  itself  in  every 
respect  like  ammonia. 

Propylamine,  C^H, .  NH,,  boils  at  49^ ;  Isopropylamine,  C,Hf  .  NH,,  obtained 
from  dimethyl  acetoxime,  (CH,\C:  N .  OH  (see  p.  161),  boils  at  32^  (B.  20,  505). 

The  higher  alkylamines  with  an  odd  number  of  carbon  atoms  are  most  easily 
obtained  from  the  nitriles  of  the  fatty  acids,  C„H,„  ^  jCN  (p.  162,  B.  aa,  812).  The 
alkylamines  with  an  even  number  of  carbon  atoms  are  prepared  from  the  acid  amides 
(p.  163,  B.  ax,  2486). 

Butylamine,  C^H^.NH,  (normal),  boils  at  76^;  isobutylamire,  C^H,.  Nil,, 
obtained  from  fermentation  butyl  alcohol,  boils  at  68^. 

Tertiary  Butylamine,  Trimethyl  Carbinamine,  boils  at  43°. 

Normal  Amylamine,  QH,. .  NH,,  boils  at  103^. 

laoamylamine,  C^H,,  .NH,,  is  a  liquid  boiling  at  95°;  it  is  obtained  from 
leucine  by  distillation  witn  caustic  potash.  It  is  miscible  widi  water,  and  bums  with 
a  luminous  flame. 

Diethyl  carbinamine,  (C,H(),CH .  NH,,  boils  at  90^'. 

Di-n-propyl  carbinamine  (C,H.),CHNH,,  boils  at  130^;  di-iso-butyl  carbina- 
mine, (C4H7),CIINH,,  melts  at  160^.  All  these  are  obtained  from  the  corresponding 
ketoxtmes  by  reduction  with  sodium  and  alcohol  (B.  ay,  R.  200). 

n-Nonylamine,  CgHjg .  NH,,  boils  at  about  195**,  and  is  sparingly  soluble  in  water. 

(2)  Secondary  Amines. — ^The  secondary  amines  are  also  desig- 
nated imide  bases.     Simple  Secondary  Amines  : 

Dimethylamine,  NH(CH,)x,  is  most  conveniently  obtained  by 
boiling  nitroso-dimethyl  aniline  or  dinitro-dimethyl  aniline  with 
catistic  potash  (A.  222,  119).  It  is  a  gas  that  dissolves  readily  in 
water.     It  is  condensed  to  a  liquid  by  cold,  and  boils  at  7. 2^. 

Diethylamine,  NH(CsH5)2,  is  a  liquid  boiling  at  56^,  and  is 
readily  soluble  in  water.     Its  HCUsalt  fuses  at  176^  and  its  picrate*at~ 

^SS""  (B.  29»  R-  590)- 

Di-n-propylomine  boils  at  Iio^.  Di-isopropylamine  boils  at  84^  (B.  2a,  R.  343). 
Mixed  secondary  amines  are  produced  by  methods  yt  and  3^.  Methyl-ethylamine 
boils  at  35®.  Methyl-n-propylamine  boils  at  63^.  Methyl-n-butylamine  boils  at  91^. 
Methyl'M'heptylamine  boils  at  171''  (B.  ag,  21  zo). 

(3)  Tertiary  Amines. — These  are  also  called  nitrile  bases,  to  dis- 
tinguish them  from  alkyl  cyanides  or  acid  nitriles, 

Trimethylamine,  N(CH,),.  This  is  isomeric  with  ethylmefhyl' 
amine^  dH^ .  NH .  CH|,  and  the  two  propylamines,  C,Ht  .  NH,.    It  is 
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present  in  herring-brine,  and  is  produced  by  distilling  belaine  (from 
the  beet)  with  caustic  potash.  It  is  prepared  from  herring^brine  in 
large  quantities,  and  also  by  the  distillation  of  the  **  vinasses  "  of  the 
French  beet  root.  Trimethylamine  is  a  liquid,  very  soluble  in  water, 
and  boils  at  3.5^.  The  penetrating,  fish-like  smell  is  characteristic 
of  it.  Its  HCl-salt  melts  at  271-275^,  and  its  sparingly  soluble 
picrate  at  216^  (B.  ag,  R.  590). 

Triethylamine,  N(C,H<)„  boils  at  Sg^,  and  b  not  Teiy  soluble  in  water.  It  is 
produced  by  heating  ethyl  isocyanate  with  sodium  ethylate :  CO :  N .  CIH.  -|- 
2C,Hj.ONa  =  N(C;H,),  +  COjNa^ 

(4)  Tetraalkyl  Ammonium  Bases. — While  neither  ammonium 
hydroxide  nor  mono-,  di-,  or  tri-alkyl  ammonium  hydroxides  have 
been  prepared,  yet,  by  the  addition  of  the  alkyl  iodides  to  the  tertiary 
amines,  tetraalkyl  ammonium  iodides  are  produced  ;  when  treated  with 
moist  silver  oxide  they  yield  the  ammonium  hydroxides  : 

N(C,H,)4l  +  AgOH  =  N(C,H^)4 .  OH  -f-  Agl. 

These  hydroxides  are  perfectly  analogous  to  those  of  potassium  and 
sodium.  They  possess  strong  alkaline  reaction,  saponify  fats,  and 
deliquesce  in  the  air.  They  crystallize  when  their  aqueous  solutions 
are  concentrated  in  vacuo.  With  the  acids  they  yield  ammonium 
salts ;  these  usually  crystallize  well. 

On  exposure  to  strong  heat  they  break  down  into  tertiary  amines 
and  alcohols,  or  their  decomposition  products  (C.H,.  and  HjO) : 

N(C.H5),.  OH  =  N(C,H,),  +  C,H,  +  H,0. 

This  reaction  has  acquired  special  significance  because  of  its  appli- 
cation in  the  decomposition  of  ring-shaped  bases  (see  piperidine 
or  pentamethylene  imide). 

Tetramethyl  Ammonium  Iodide  or  Tetramethylium  Iodide^  N-  €1^3)41, 
and  Tetraethyl  Ammonium  Iodide  or  Tetraethylium  Iodide^  N(C,H4)4l, 
from  trimethylamine  (triethylamine)  and  ethyl  iodide,  consist  of 
white  prisms  crystallized  from  water  or  alcohol. 

Tetramethylium  Hydroxide^  N(CHa)40H,  and  Tetraethylium  Hy- 
droxide^ N(QH4)40H,  consist  of  deliquescent  needles  with  a  strong 
alkaline  reaction.  They  result  when  the  corresponding  iodides  are 
treated  with  moist  silver  oxide. 

Iodine  Addition  Products,  -^(C^H^^^l  .\,  (C^^^'t^l .  2I,,  and  addition  products 
containing  even  more  iodine  molecules,  are  precipitated  by  iodine  from  the  aqueous 
solutions  of  the  tetraalkylinm  iodides,  e.  g.,  tetraethylium  iodide. 

Of  the  numerous  comix>unds  belonging  here  we  may  mention : 

Hmethyl-diethyl  Ammonium  Iodide,  /(r  ^I'v' )  NI,  obtained  from  dimethyl- 
le  and  ethyl  iodide,  and  from  diethylamine  and  methyl  iodide : 

CH, 
C,H, 


CH3)  C,H,) 

CH,  In.CjHJ    and    CHJN.CH,!. 

c,hJ  chJ 
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These  two  compounds  are  identical  (A.  180,  173).  They  demonstrate,  too,  that 
the  ammonium  compounds  are  not  molecular  derivatives,  as  formerly  assumed  (the 
above  formulas  are  only  intended  to  exhibit  the  diiferent  manner  of  formation) »  but 
represent  true  atomic  compounds.  They  further  show  the  equivalence  of  the  five 
nitrogen  valences  (compare  Le  Bel,  B.  23,  R.  147). 

For  the  dissymmetry  and  the  appearance  of  rotatory  power  in  alkyl  derivatives 
of  ammonium  chloride,  compare  Le  Bel,  B.  24,  R.  441,  who  succeeded,  by  use  of 
germ  vegetation,  in  changing  isobutyl-propyl-ethyl-methyl-ammonium  chloride  into 
an  optically  active  modification. 

(i)  Unsaturated  Amines  and  Ammonium  Bases. 

UnylamtMe^  CH,  =  CH.NH,,  boiling  at  55°,  is  only  known  in  solution.  It 
results  from  the  action  of  silver  oxide  or  potassium  hydroxide  upon  brom-ethylamine 
(see  this).  -  It  unites  with  sulphur  dioxide  to  form  Taurine  (see  this) : 

CH.NH,      K-OH        CH— NH,      ^^  CH.NH, 

I  '^^"    >  U  ^%-^L  Taurine. 

CHjBr  CH,  '"         CH,SO,H 

Vinylamihe  is  a  transparent  liquid  with  a  strong  ammoniacal  odor.  It  corrodes 
the  skin,  and  is  soluble  in  water.      Vinyl  Picrate  melts  at  142°  (B.  a8,  2929). 

Trimethyl'vinyl  Ammonium  Hydroxide  or  Nettrine,  CH,  =  CH  .  N(CH,)jOH,  is 
descrit)ed  after  glycol  with  choline,  to  which  it  is  intimately  related. 

Ailylamine,  CH,  =  CH .  CH, .  NH„  from  musUrd  oil  (see  this),  boils  at  58<». 

hoallylamine^  lV>penylamine,  CH, .  CH  =  CHNH,,  boils  at  67®.  It  is  pro- 
duced by  the  action  of  caustic  potash  on  /?-brorapropylamine  (B.  29,  2747). 

Dimethyl  Piperidine,  Peniallyl  Dimethylamine,  CH,  =  CH  .  CH,.  CH,.- 
CH,.  N(CH,),.  It  is  a  decomposition  product  of  piperidine  (see  this).  It  boils  at 
117-118°.  This  and  similar  bases  take  up  hydrochloric  acid,  and  when  heated  yield 
ammonium  chlorides  of  pyrrolidine  bases  (A.  278,  l). 

Propargyhmine,  CH  =  C.  CH,NH„  from  dibromallylamine,  CH,Br . CHBr .  - 
CH,N  H,,  and  alcoholic  potash,  is  probably  a  gas  in  a  free  condition.  It  could  only 
be  obtained  in  alcoholic  solution  or  in  the  form  of  salts  (B.  aa,  3080). 

{c)  Alkylamine  Halides. 

These  bear  the  same  relation  to  NCI,  and  NI,  as  the  alkylamines  sustain  to 
ammonia.  The  alkylamine  chlorides  and  bromides  may  also  be  regarded  as  the 
amides  of  hypochlorous  and  h3rpobromous  acids.  Such  derivatives  are  produced  by 
the  action  of  chlorine,  bromine,  or  iodine  alone,  or  in  the  presence  of  caustic 
alkalies,  upon  primary  and  secondary  amines  (B.  8, 1470;  9, 146;  16,558;  23,  R. 
386 ;  A.  230,  222),  as  well  as  by  the  transposition  of  acetdibromamide  (see  this) 
with  amines.  When  saponified  they  yield  hypochlorous,  hypobromous,  and 
hypoiodous  acids  (B.  a6, 985)  : 

CH,.CH,.CH,NH,  >- CH,.CH,.CH,NHC1 H:H,.CH,.CH,.NC1, 

(CH,.CH,CH,),NH >-  (CH,CH,CH,),NC1. 

The  primary  alkylamine  mono-halides  are  more  unstable  than  the  dihalides  and  the 
seeondary  halogen-amines. 

AfethylawUne  Diiodide^  CH,NI,,  is  garnet-red  in  color.  Dimethylamine  Iodide^ 
(CH,),KI,is  sulphur-yellow  in  color.  Ethylamine  Dichloride  is  an  unstable  oil,  with 
penetrating  odor,  and  boils  at  8^-89°.  Propylamine  Chloride^  C,H.NHC1,  volatilizes 
with  decomposition.  Propylamine  Dichloride,  C,H,NC1,,  is  a  yellow  oil,  boiling  at 
H7«.  Dipropylamine  Chloride,  rC,H,),NCl,  boils  at  143°  (B.  8,  1470;  9,  146;  16, 
558;  23,  R.  386;  26,  R.  188;  A.  230,  222). 

Nitrites  result  when  the  dibromides  of  the  higher  primary  alkylamines  are  treated 
with  alkalies. 

«5 
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(d)  Sulphur-containing  Derivatives  of  the  Alkylaniines. 

1.  TkiodialkylamtHeSf  Thiotetnlkyldiamines,  result  Irom  the  action  of  SCI,  upon 
dialkylamines  in  ligrolne  solution.  Tkiodiethylatnine,  S[N(C,Hj),],,  boils  at  87^ 
(19  mm.)  (B.  a8,  575). 

2.  DithioietrtUkylamints^  Dithiotetralkyldiamioes,  result  from  the  action  of  S^Cl, 
upon  dialkylamines  in  ethereal  solution.  DUhiotHmethylamine^  *S[^(^^t)s]t>  ^^aA& 
at  82<*  (22  mm.).    DUhiodietkylamint  boils  at  137®  (29  mm.)  (B.  a8,  166). 

3.  Alkyl-thUmylamitus,  alkylised  imides  of  sulphurous  acid,  are  formed  when 
thionyl  chloride  (i  mol.)  acts  upon  a  primary  amine  (3  mols.)  in  ethereal  solution 
(Michaelis  A.  274,  187) : 

3CH,NH,  +  SOa,  =  CH,N  =  SO  +  2CH,NH, .  HQ. 

The  members  of  the  series  with  low  boiling  points  are  liquids  with  penetrating 
odor,  and  fume  in  the  air.  Water  decomposes  Uiem  into  SO,  and  the  primary  amine. 
TkioHyl-methylamine,  CH,NSO,  boils  at  58-59<*.  Tkumyl-ethylamim  boils  at  70- 
75<'.     Thiamyl'isobutyiaimne,  (CH,^^CH .  CH, .  N :  SO,  boik  at  1 17«. 

4.  Thionyl  Dialkylamines,  Thionyl  Tetralkyldiamines,  are  formed  when  thionyl 
chloride  acts  upon  the  ethereal  solution  of  the  dialkylamines.  Thionyl  Diitkylamine^ 
OS[N(C,H^),J„  boiling  at  1 1 8®  (27  mm.),  corresponds  in  its  composition  to  tetra- 
ethyl  urea  (B.  a8,  loio). 

5.  Thionamic  Acids  are  the  products  resulting  from  the  interaction  of  sulphur 
dioxide  and  primary  amines  :  C^H^NH .  SO,H,  ethyl  thionamic  acid,  a  white  hygro- 
scopic powder. 

6.  Alkyl  Sulphamides  and  Alkyl  Sulphaminic  Acids.    Sutphamides,  e.  ^., 

NfCH  ^ 
^'"^Nf CH*)'*  *"^  fonned  by  the  action  of  sulphuryl  chloride,  SO,Cl,,  upon 

NR 
the  free  secondary  amines,  whereas  their  chlorides,  SO,<p.  *    result  when  the 

HCl-salts  are  employed.  Water  converts  the  chlorides  into  sulphaminic  acids, 
SO,<Q««*  (A.  222,  118).  SO,  reacts  similarly  with  the  primary  and  secondary 
amines,  forming  mono-  and  dialkyl-sulphaminic  acids  (B.  16,  1265). 

(e)  Nitroso-amines. 

All  basic  secondary  amines  (imides),  like  (CH,),NH  and  (C.H,),NH,  can  be- 
come nitroso-amines  through  the  replacement  of  the  hydrogen  of  the  imide  group. 
They  are  obtained  from  the  free  imides  by  the  action  of  nitrous  acid  upon  their 
aqueous,  ethereal,  or  glacial  acetic  acid  solutions,  or  by  warming  their  salts  jn 
aqueous  or  acid  solution  with  potassium  nitrite  (B.  9,  ill).  They  are  mostly 
oily,  yellow  liquids,  insoluble  in  water,  and  may  be  distilled  without  suffering 
decomposition.  Alkalies  and  acids  are  usually  without  effect  upon  them;  with 
phenol  and  sulphuric  acid  they  give  the  nitroso-reaction.  When  reduced  in  alcoholic 
solution  by  means  of  zinc  dust  and  acetic  acid  they  become  hydrazines  (p.  161). 
Boiling  hydrochloric  acid  decomposes  them  into  nitrous  acid,  and  dialkylamines. 
Dimethyl  Nitrosamine,  Nitrosodimethylin,  (CH,),N .  NO,  boils  at  148^ 
Diethyl  Nitrosamine,  (C,H5),N.  NO,  Nitrosodiethylin, boils  at  I77^ 

(/)  Nitramines 

are  produced  by  the  action  of  concentrated  nitric  acid  upon  various  amide  derivatives  of 
the  primary  amines,  e,  f(, ,  their  urethanes,  from  which  the  free  roonoalkyl  nitramines 
may  be  obtained  by  splitting  off  ammonia  (B.  18,  R.  146 ;  22,  R.  295) : 

CH,NHCO,CH, y  CH,N(NO,)CO,CH, >•  CH, .  NH .  NO,. 

The  imide  hydrogen  atom  of  the  monoalkyl  nitramines  can  be  replaced  by  metals.' 
Simple  and  mixed  dialkyl  nitramines  result  from  the  transposition  of  the  potassium 
alkyl  nitroamine  derivatives  with  alkylogens.  By  reduction  of  the  dialkyl  nitramines 
with  zinc  dust  and  acetic  acid,  unsymmetrical  dialkyl  hydrazines  are  produced. 
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Methyl-nitramine,  CH, .  NH(NO,),  melts  at  sS^.  Ethyl-nitramine,  0,11^ .  • 
NH(NO,),  melts  at  3^.  Propyl-nitramine  boils  at  I28<*  (40  mm.).  Butyl- 
nitramine,  see  B.  a8,  R.  1058. 

Simple  Dialkylnitramuus :  Dimtthylnitramine,  (CH,),N.NO„  melts  at  58°, 
boils  at  187^,  and  is  produced,  together  with  an  isomeride,  boiling  at  112°,  by  the 
distillation  of  mono-methyl-nitramine  (B.  ag,  R.  910),  as  well  as  upon  treating 
dimethylamine  and  nitric  acid  with  acetic  anhydride  TB/aS,  402).  Diethyl-nitramine 
boils  at  206**.  DipropyUnitramine  boils  at  77®  (10  nam.).  Mixed  Nitramines : 
Methyl-eikyl-nitramine  boils  at  190°.  Methyl-propyl-nitramine  boils  at  115*^  (40 
mm.).  Meihyl-buiyl-nitramine  melts  at  -f  0.5®  (B.  ag,  R.  424).  Methyl-allyl- 
niiramine,  boiling  at  95^  (18  mm.),  is  obtained,  together  with  an  isomeride,  boiling 
at  51®  (18  mm.),  by  the  interaction  of  potassium  methyl-nitramine  and  allyl  bromide. 

(g) .  Alkyl-hydrazines. 

Just  as  the  amines  are  derived  from  ammonia,  NH,,  so  the  hydra- 
zines are  derived  from  hydrazine  or  diamide,  H,N — NH„  an  analogue 
of  liquid  hydrogen  phosphide,  H,P — PH,. 

Long  before  hydrazine  in  a  free  state  was  obtained  from  diazo-acetic 
acid  (see  this),  its  derivatives  had  been  prepared  by  a  variety  of 
methods.  They  hold  an  important  place  in  the  benzene  series  (see 
phenylhydrazine,  QHj .  NH  .*  NH,)  (E.  Fischer,  A.  99,  281). 

The  mcMo-alkyl  hydrazines  are  obtained  from  the  mono-alkyl  ureas,  NH,  .  CO .  - 
NH .  R,  and  from  the  symmetrical  dialkylureas  by  their  conversion  into  nitroso- 
compomids,  and  the  reduction  of  the  latter  to  hydrazines  of  the  ureas  : 

gg;JJ«>CO      yields      ^»ii^N»>CO      and      ^»li^^»>CO 

\no  \nh,. 

When  the  latter  are  heated  with  alkalies  or  acids  they  split  up,  like  all  urea  deriv- 
atives,  into  their  components,  CO.,  alkylamine  and  alkylhydrazine.  They  reduce 
Fehling's  solution  in  the  cold,  while  heat  is  necessary  to  e^ect  this  when  using  the 
dialkyl  hydrazines.  In  this  respect  they  differ  from  the  amines,  which  they  so 
closely  resemble  in  properties. 

Methyl  Hydnxine,  CH, .  NH .  N  H„  is  a  very  mobile  liquid,  boiling  at  Sy^".  Its 
odor  is  like  that  of  methylamine.  In  the  air  it  absorbs  moisture  and  fumes  (B.  aa, 
R.  670). 

Ethyl  Hydrazine,  (C,H5)HN.  NH„  boils  at  ioo<>. 

When  ethyl  hydrazine  is  acted  upon  by  potassium  disulphate,  potassium  ethyl 
kydraune  suiphonate^  ^^6 '  ^^  —  NH  .  SO^K,  is  formed.  Mercuric  oxide  changes 
this  to  potassium  diazo-ethyl  sulphonate,  CjH^.  N  =  N.  SO3K.  This  is  the  only 
well-known  representative  in  the  fatty-series  of  a  numerous  and  highly  important 
class  of  derivatives  of  the  benzene  series — the  diaw- compounds.  They  are  charac- 
terized by  the  dioMo  group,  — N=N — ,  which  is  in  union  with  carbon  radicals. 

%- Dialkyl  hydrasines  result,  through  the  action  of  hydrochloric  acid,  from  the  cor- 
respoodiog  diformyl  compounds,  which  are  the  reaction  products  of  alkyl  iodides  and 
lead  diformyl-hydrazine.  sDiethyl  hydrazine,  C^H^NH— NH .  C^Hj,  boils  at  850 
(B.  87,  2279). 

The  ans-Dialkylhydrazines,  like  (CH,),N .  NH,,  are  formed  by  the  reduction  of 
nitroso-amioes  and  dialkyl  nitramines  (B.  ag,  R.  424],  in  aqueous  and  alcoholic  solu- 
tioD,  by  zinc  dost  and  acetic  acid : 

(CH,),N.  NO  +  2H,  ==  (CH,)j,N.  NH,  -f  H,0. 

ans-Diinethyl    Hydrazine,    (CHjluN.NH,,    and    uns-Diethyl     Hydrazine, 
/CLH<)jN .  NH,,  are  mobile  liquids,  of  ammoniacal  odor,  and   readily  soluble  in 
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water,  alcohol,  and  ether.  Diethyl  hydrazine  botb  at  97®,  and  the  dimethyl  00m- 
poand  at  62«.  Thionyl  DUikylkydrasim,  (C:,H^,N .  NSO,  boils  at  73«  under 
20  mm.  (B.  a6,  310). 

Diethylhydrazine  unites  with  ethyl  iodide  and  yields  the  compound  (C,H^), .  - 

N .  NH, .  C,HJ,  which  is  to  be  viewed  as  the  amm^mium  iodide,  (C,H5),N<^^' 

*» 
as  It  is  not  decomposed  by  alkalies,  and  moist  silver  oxide  converts  it  into  a  strong 

alkaline  hydroxide.     Nascent  hydrogen  (cine  and  sulphuric  acid)  decomposes  this 

iodide  into  triethylamine,  ammonia,  and  hydrogen  iodide. 

This  reaction  is  an  additional  proof  that  the  ammonium  compounds  represent 

atomic  derivatives  of  quinquivalent  nitrogen  (A.  199,  318). 

(>l)  Tetra-alkyl-tetrasones. 

When  mercuric  oxide  acts  upon  diethylhydrazine,  Utraetkyl-tetratone,  (C^H|),N .  - 
N :  N  .  N((',H()^  b  formed.     This  is  a  strong  basic  liquid  with  an  alliaceous  odor. 
Methyl' butylUtratone  boils  at  121®  (I9  mm.)  (B.  29,  R.  424). 

(f )  Alkyl  Hydroxylamine  Derivatives. 

The  entrance  of  one  alkyl  group  into  hydroxylamine  produces  two  isomeric 
forms : 

NH, .  O  .  CH,  and  CH, .  NH .  OH. 

«-Methyl-hydroxyUmine.  /l-Methyl-hydroxylamine. 

The  derivatives  of  both  varieties  are  obtained  from  the  isomeric  benzaldoximes 
(see  these).  The  /^-compounds  are  formed  from  syn-meta-nitrobenzaldoxime  by 
alkylization  with  sodium  alcoholate  and  an  alkyl  iodide,  together  with  the  subsequent 
splitting-off  of  the  ether  by  means  of  concentrated  hydrochloric  acid  (B.  23,  599 ; 
26,  2377,  2514).  a- Derivatives  result  from  the  breaking  down  of  alkyl  benzhydrox- 
aroic  esters,  and  the  ^-bodies  are  intermediate  products  in  the  reduction  of  the  nitro- 
parafEns  with  stannous  chloride,  or,  better,  with  zinc  dust  and  water  (B.  27,  1350). 

a- Methy /hydroxylamine,  NH, .  O .  CH.,  Methoxyhmine ,  yields  an  HCl-salt,  which 
melts  at  149°.  It  diflfers  from  hydroxylamine  in  that  it  does  not  reduce  alkaline 
copper  solutions. 

a- Ethylhydroxylamine,  NH,  .O .  CLHj,  Ethoxylamine,  boils  at  68®. 

P-Methylhydroxylantine,  CH,.  NH.OH,  melts  at  41-42^  and  boils  at  61-62® 
(16 mm.)  (B.  23,  3597;  24,  3528;  25,  1716;  26,  2514). 

/3  Ethylhydroxylamine  melts  at  59-60®. 

The  action  of  ethyl  bromide  upon  ethoxylamine  produces  Diethyihydroxyiamine, 
C-Hj  .  NH  .  O  .  CjH^.  and  Triethylhydroxylamine ,  (C,He ), .  N .  O .  CjH^,  boiling  at 
98®  (B.  22,  R.  590).  Triethylamine  Oxide,  (C,H5),N:0,  an  isomeride  of  the 
latter,  has  been  prepared  by  the  interaction  of  zinc  ethide  and  nitroethane.  It  boib 
at  155®  (B.  22,  k.  250). 

{It)  Phosphorus  Derivatives  of  Secondary  Alkylamines  (B.  29, 710). 

I.  Dialkylamine   Chlarphosphines  are  formed  when  phosphorus  trichloride  acts 
upon  dialkylamines.     They  are  liquids  having  a  sharp,  penetrating  odor ;  they  fume 
in  the  air.     Diethylamine  Chlorphosphine,  (C,H.),N .  PCI,,  boils  at  loo®  (14  mm.). 
'  'lamine  Chlorphosphine  melts  at  37®  and  boils  at  1 16®  (16  mm.). 

"^ylamine  Oxychlorphosphines. — These  result  when  phosphorus  oxychloride 
condary  amines  in  ethereal  solution.  They  are  stable  in  the  air,  and 
iromatic  odor  resembling  that  of  camphor  or  pepper.  Dialkylamine 
sphine,  (C,H5),N .  POCl,,  boils  at  loo®  (15  mm.).  Di-npropylamine 
>sphine  boils  at  170®  (80  mm.).     Di-ii^nUylamine  Oxycklorphospkine 
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3.  Dialkyiamine  SMlpkaehhrpkosphines  result  from  the  interaction  of  phosphorus 
sulphochloride  and  the  dialkylamincs.  They  are  volatile  in  steam.  Their  odor  is 
like  that  of  camphor. 

Duihylamine  Sulphochhrphosphine,  ^C,H^,NPSC1„  boils  at  locf"  (15  mm.). 
Dipropylamine  Sulphoehlorpkospkin^  boils  at  133°  (15  mm.).  Di-isobutylamine 
Stdphothlorphosphine  boils  at  150^  (10  mm.). 

(/)  (i»)  (if)  Arsenic,  Boron,  and  Silicon  Derivatives  of  Secondary  Amines 

(B.  39,  714). 

(/)  Di-isobuiylamine  ChJorarsine,  (C.H,>,N .  AsQ,,  boils  at  X25<»  (15  mm.). 

(m)  Diethylamine  Cklorborine^  (C,H<),M .  BCI,,  boils  at  142°,  and  fumes  very 
strongly  in  the  air.  Dipropylamine  ChUrborine  boils  at  99°  (45  mm.).  Di- 
isobutylamine  Chl&rbonm  boils  at  93^  (17  mm.). 

(«)  Diethylamine  CJk/orsilicuie,  (C^f)jN .  SiCi^,  boils  at  I04<' (80  mm.).  Di- 
isduiylamine  Chhrsilicide  boils  at  122°  (30  mm.).  The  chlorarsines,  chlorborines, 
and  chlorsillcides  are  prepared  from  their  corresponding  chlorides. 
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A.     PHOSPHORUS  BASES  OR  PHOSPHINBS  AND  ALKYL 

PHOSPHONIUM  COMPOUNDS. 

Hydrogen  phosphide,  PHg,  has  slight  basic  properties.  It  unites 
with  HI  to  phosphonium  iodide,  which  is  resolved  again  by  water  into 
its  components.  TYi^  phosphorus  bases  or  phosphines^  obtained  by  the 
replacement  of  the  hydrogen  of  PH,  by  alkyls,  have  more  of  the  basic 
character  of  ammonia  and  approach  the  amines  in  this  respect.  The 
basic  character  increases  with  the  number  of  alkyl  groups. 

(i)  They  oxidize  very  energetically  on  exposure  to  the  air,  usually 
with  spontaneous  ignition ;  hence  they  should  be  prepared  away  from 
air  contact.  Moderate  oxidation  with  nitric  acid  converts  the  primary 
phosphines  into  aiiyi  phosphoric  acidsy  the  secondary  phosphines  into 
alkyl  phosphinic  acids^  while  the  tertiary  phosphines,  in  the  presence 
of  air,  pass  into  alkyl  phosphinic  oxides : 

Ethyl  Phosphine :      C,H.PH, >  C,HjPO(OH),— Ethyl  Phosphoric  Acid 

Diethyl  Phosphine:  (C,hJ,PH >  (C,H4),PO(OH)— Diethyl  Phosphinic  Acid 

Trietbyl  Phosphine :  (C,H5),P >-  (C,H5)jP0— Triethyl  Phosphine  Oxide. 

(2)  They  combine  readily  with  sulphur  and  carbon  disulphide  (B.  25,  2436)  ;  also 
with  the  halogens. 

(3)  The  primary  phosphines,  e.  g.^  PH«,  are  feeble  bases.     Their  salts,  like  PH.I, 
\  decomposed  by  water.     Caustic  potash  is  required  for  the  decomposition  of  tne 


salts  of  the  secondary  and  tertiary  phosphines. 

(4)  The  tertiary  phosphines  combine  with  the  alkyl  iodides  to  form  tetra-alkyl 
phosphonium  iodides.  These  are  just  as  little  decomposed  by  caustic  potash  as  the 
tetra-alkyl  ammonium  iodides.  Moist  silver  oxide  liberates  tetra-alkyl  phosphonium 
hydroxides  from  them ;  these,  like  the  tetra-alkyl  ammonium  hydroxides,  are  stronger 
bases  than  the  alkalies : 

P(CH,),     ^"*'     >  P(CH,)J    ^^^"^  >  P(CH,),OH. 


174  OBGAMIC  CHKMISntT. 

Thinard  (1846)  discovered  the  tettuvy  phosphiiies.  asd  A.  W.  Ho6Baim  (1871) 
fint  prepared  die  primarf  and  seoondarj  phfwphincs  (B.  4,  450). 

F4frm4Uwm.^^i)  By  letting  the  alkjl  iodidies  act  upon  phnyhoninm  iodide  for  six 
boun  in  the  presence  of  certain  mefaHic  oxides,  diieflj  zinc  oxide,  at  150®.  llw 
product  is  a  mixture  of  P(C,H^)H, .  HI  and  P(C,H.),H  .  HI,  the  first  of  which  is 
decomposed  by  water.  The  Hl-salt  of  the  diethyl  fAoaphinr  is  not  affected,  but  by 
boiling  the  latter  with  sodium  hydroxide,  diethyl  phosphine  is  set  free  (A.  W.  Hof- 
mann): 

2PH  J  +  2C,HjI  +  ZnO  =  2[P(C;Hj)H,  .  HI]  +  Znl,  +  H,0 
PH  J  +  2C,H jl  +  ZnO  =  P(C,Hj),H  .  HI       -\-  Znl,  +  H.O. 

P(C,Hs)H,HI  —^^ >-  P(C,Hs)H,  +  HI. 

(2)  Tertiary  phosphines  and  phosphoninm  iodides  are  produced  by  heating  phos- 
phonium  iodide  with  alky]  iodides  (methyl  iodide)  to  iy/*-lS&*  without  the  addi- 
tion of  metallic  oxides.     They  can  be  separated  by  means  of  caustic  potash : 

PH J  +  3CH.I  =  P(CH,), .  HI  +  3HI 
P(CH,),HI  -\-  CH3I  =  P^CH,)^ .  I  +  HI. 

(3)  Tertiary  phosphines  result  when  alkylogens  act  upon  calcium  phosphide 
(Th^nard),  and  (4)  in  the  action  of  zinc  alkyls  upon  phosphorous  chloride : 

2PCI,  +  3Zii(CH,),  =  2P(CH,),  +  3ZnCl,. 

The  phoipkifus  are  colorless,  strongly  refracting,  extremely  powerful-smelling, 
volatile  liquids.  They  are  scarcely  soluble  in  water,  but  dissolve  readily  in  alcohol 
and  ether.     They  oxidize  very  readily  and  show  neutral  reaction. 

(i)  Primary  Phosphines: 

Methyl  Phosphine,  P(CH,)H,,  condenses  at  — 14®  to  a  mobile  liquid. 

Ethyl  Phosphine,  P(C,H()H„  boib  at  25°. 

Isopropyl  Phosphine,  P(C,Hf)H,,  boils  at  41®,  and  the  isobutyl  derivative, 
P(C4Hf)H,,  at  62°.  Fuming  nitric  acid  oxidizes  the  primary  phosphines  to  €Ukyl 
phospho-acids  ;  their  HI -salts  are  decomposed  by  water. 

(2)  Secondary  Phosphines : 

Dimethyl  Phosphine,  P(CH,),H,  boils  at  250  C 

Diethyl  Phosphine,  P(C,Hj),H,  boils  at  85<>. 

Di-isopropyl  Phosphine,  P(C,H,),H,  boils  at  Ii8<>.  Di-isoamyl  Phosphine, 
P(C.H„),H,  boils  at  210^-215°,  but  is  not  self-inflammable.  Fuming  nitric  add 
oxidizes  this  class  of  phosphines  to  ditUkyl pkosphinic  acids. 

Water  does  not  decompose  the  HI -salts  of  the  secondary  phosphines. 

(3)  Tertiary  Phosphines : 

Trimethyl  Phosphine,  P(CH,)„  boils  at  40®.  Triethyl  Phosphine,  PCCjH^),, 
boils  at  117®.  Both  tertiary  phosphines  form  phosphine  oxides  by  the  absorption  of 
oxygen  ( B.  29,  1707).  They  also  combine  with  S,  CI,,  Br,,  the  halogen  hydrides,  and 
the  alkylc^ens.  Carbon  disulphide  also  combines  with  triethyl  phosphine,  and  the 
product  is  P(C,H5),.  CS,,  crystallizing  in  red  leaflets.  It  is  insoluble  in  water,  fuses 
at  95°,  and  sublimes  without  decomposition.  Its  production  will  answer  for  the  detec- 
tion of  carbon  disulphide. 

According  to  almost  all  of  these  reactions,  triethyl  phosphine  resembles  a  strongly 
positive  bivalent  metal — for  example,  calcium.  By  the  addition  of  three  alkyl  groups, 
the  quinquivalent,  roetalloidal  phosphorus  atom  acquires  the  character  of  a  bivalent 
alkaline  earth  metal.  By  the  further  addition  of  an  alkyl  to  the  phosphorus  in  the 
»^»'"«T>honium  group,  P(CHj)4,  the  former  acquires  the  properties  of  a  univalent 
netal.  Similar  conditions  manifest  themselves  with  sulphur,  with  tellurium, 
^enic,  and  also  with  almost  all  the  less  positive  metals. 

^hosphonium  Bases. — The  tetra-aikyl  phospkonium  bases  resemble,  in  a  very 
g^ree,  both  in  formation  and  properties,  the  tetra- alkyl  ammonium  bases. 
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Tetra-methyl'  and  Tetra-ethyl-phosphonium  Hydroxide^  P(C,Hj)4 .  OH,  are  crystal- 
line masses  which  deliquesce  on  exposure  to  the  air.  They  show  a  strong  alkaline 
reaction.  When  they  are  heated  they  show  the  great  affinity  of  phospiiorus  for 
oxygen,  for,  unlike  the  corresponding  ammonium  derivatives,  they  break  down  into  a 
trialkyl  phosphine  oxide  and  a  paraffin.  Thus  teira-methyl-phosphonium  hydroxide 
yields  trimethyl  phosphine  oxide  and  methane :  P(CH|). .  OH  =  P(CH.),0  -|-  CH.. 
Tetramethyi'  and  Tetra-eikyl- phospkonium  iodide^  rfCjH^)^,  are  white,  crystal- 
line bodies.     Heat  decomposes  them  into  trialkyl  phosphines  and  alkyl  iodides. 


B.  ALKYL  PH08PH0.ACID8. 

These  acids  result,  as  previously  mentioned,  from  the  moderated  oxidation  of  the 
primary  phosphines  with  nitric  add.  They  are  derived  from  unsymmetrical  phos- 
pkarous  acid,  HPO(OH),. 

Mttkyl  Phospko-acidy  CH,FO(OH)„  melts  at  105^.  PCI5  converts  it  into 
CH,POCly  melting  at  yi^  and  boiUng  at  i63<».  The  ethyl  phospho-acid, 
C,H((OH),PO.  melts  at  44**. 


C.  ALKYL  PHOSPHINIC  ACIDS. 

These  are  derived  from  hypophosphorous  acid,  H,PO(OH).  They  are  produced, 
as  described,  by  oxidizing  the  secondary  phosphines  with  fufning  nitric  acid.  Dimethyl 
Phosphinic  Acid,  (CH,),PO(OH),  resembles  paraffin.  It  melts  at  ^6^  and  volatilizes 
without  decomposition.  See  B.  25,  2441,  for  diethyl-dithio-phosphinic  acid,  (C^H^),- 
PSSH. 

D.  ALKYL  PHOSPHINE  OXIDES. 

arise  when  the  tri-alkyl  phosphines  are  oxidized  in  the  air,  or  by  mercuric  oxide ;  also 
in  the  decomposition  of  the  tetra-alkyl  phosphonium  hydroxides  by  heat.  Triethyl 
Phosphine  Oxide,  P(C,Hg),0,  melts  at  53®  and  boils  at  243^'.  It  forms,  for  example, 
P(C,Hj),G,,  with  haloid  acids,  from  which  Na  regenerates  triethyl  phosphine  when 
aided  by  heat.  The  corresponding  tri-ethyl  phosphine  sulphide,  P(C,H5),S,  from 
triethyl  phosphine  and  sulphur,  melts  at  94°.  Derivatives  of  PCI,,  corresponding  to 
the  alkyl  chloramines,  are  known  (B.  13,  2174). 


7.  ARSENIC  ALKYL  COMPOUNDS. 

Arsenic  is  quite  metallic  in  its  character;  its  alkyl  compounds  con- 
stitute the  transition  from  the  nitrogen  and  phosphorus  bases  to  the 
so-called  metallo-organic  derivatives — i.  e.^  the  compounds  of  the 
alkylswith  the  metals  (p.  182).  The  similarity  to  the  amines  and 
phosphines  is  observed  in  the  existence  of  tertiary  arsines,  As(CH,)„ 
but  these  do  not  possess  basic  properties,  nor  do  they  unite  with  acids. 
They  show  in  a  marked  degree  the  property  of  the  tertiary  phosphines, 
in  their  uniting  with  oxygen,  sulphur,  and  the  halogens  to  form  com- 
pounds of  the  type  As(CH,)3X,.  Mono-  and  dialkyl  arsines  are  not 
known.     Tri-alkyl  derivatives  exist.     These  are,  however,  not  so  im- 
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portant  as  the  cacodyl  compounds  have  been  in  the  development  of 
organic  chemistry. 

In  1760  Cadet  discovered  the  reactioD  which  led  to  the  study  of  the  arsenic  alkyls. 
He  distilled  arsenions  acid  together  with  potassium  acetate,  and  obtained  a  liquid 
which  was  subsequently  named,  after  its  discoverer,  Codet s  fitming,  arsenical  liquid. 
From  1837-1843  Bunsen  carried  out  a  series  of  splendid  investigations  (A.  37,  i ; 
4a,  14;  46,  i),  and  demonstrated  that  the  chief  constituent  of  Cadet*s  liquid  was 
"  alkarsine,"  or  cacodyl  oxide,  whose  radical  **  cacodyl"  Bunsen  also  succeeded  in 
preparing.  Berzelius  proposed  the  name  cacodyl  (from  KonititK,  stinking)  for  this 
veiy  poisonous  body  with  an  extremely  disgusting  odor.  Bunsen  showed  that  it 
conducted  itself  like  a  compound  radical.  Together  with  the  cyanogen  of  Gay- 
Lussac,  and  the  bentoyl  of  Liebig  and  Wdhler,  assumed  to  be  present  in  the  benzoyl 
derivatives,  it  formed  a  strong  support  for  the  radical  theory.  But  later  it  was  found 
that  cacodyl  was  no  more  a  free  radical  than  was  cyanogen,  but  that,  in  accordance 
with  the  doctrine  of  valence,  it  was  rath<sr  a  compound  of  two  univalent  radicals 

As(CH,), 
— As(CH.),,  combined  to  a  saturated  molecule :  I 

As(CH,)^ 

Valuable  contributions  have  been  made  to  the  chemistry  of  the  arsenic  alkyls  by 
Cahours  and  Riche  (A.  ga,  36i),by  Landolt  (A.  ga,  370),  and  particularly  by  Baeyer, 
who  discovered  the  monomethyl  arsenic  derivatives,  and  made  clear  the  connection 
existing  between  the  alkyl-arsenic  derivatives  (A.  107,  257). 

The  following  reactions  give  rise  to  arsenic  alkyl  compounds : 

(i)  Cacodyl  Oxide ,  or  Alkarsine j  is  produced  by  the  distillation  of 

potassium  acetate  and  arsenious  acid.     This  is  a  delicate  test,  both  for 

arsenic  and  for  acetic  acid : 

4CH, .  CO,K  +  AsjO,  =  [(CH,),As],0  +  2CO,K,  +  2CO,. 

(3)  By  the  action  of  zinc  alkyls  upon  arsenic  trichloride,  and  (3)  by 
the  action  of  the  alkyl  iodides  upon  sodium  arsenide : 

2Asa,  -h  3Zn(CH,),  =  2As(CH,),  +  3ZnCl, 
AsNa,  -f  3C,HjI       =  As(C,H5),  +  3NaI. 

(4)  The  transposition  of  trisodium  arsenite  by  alkyl  iodides  gives 
rise  to  the  sodium  salts  of  alkyl  arsonic  acid  (A.  249,  147)  : 

AsOjNa,  -h  CHgl  =  CH,AaO(ONa),  +  Nal. 


Table  of  ike  Alkyl-  (Metkyl)  Derivairves  of  Arsenic, 
CH,A.C1,.  **'*S^-  CH.ASO,  ^^^      CH..  AsO(OH)„  ^^ 

(CHJjAsa,  Ccodyl  Chloride.   [(CH,),As],0,  o",*^f '  (CH,),AsO.OH,  ^^^''^ 

(CH,),As,  Trimethyl  Arsine.       (CH,),AsO,  Trimethyl  Arsine  Oxide. 

"•••  ^  Asl,  "^j^^^^^d^^^       (CH,),AsOH,  Telramethyl  Arsonium  Hydroxide. 

As 

I  ,  Cacodyl. 

Is 
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MONO-ALKYL  ARSINE  COMPOUNDS. 

The  formation  of  monomethyl  arsenic  chloride,  As(CH,)Q2,  is  due  to  the  property, 
possessed  by  the  derivatives  of  (he  type  AsX,,  of  adding  two  halogen  atoms  (CI,) 
and  passing  into  compounds  of  the  form  AsX^.  The  more  chlorine  atoms  these 
bodies  contain,  the  more  readily  do  they  split  off  methyl  chloride.  Thus  As(  CHgJCl^ 
breaks  down,  at  o^,  into  AsQ,  and  CH,C1,  and  As(CH^,a„  at  50^,  into  As(CH,)Cl, 
and  CH,C1 : 

As(CH,),      — ±^!? — ^  As(CH,),a, >-  CH,a  +  As(CH,),a 

As(CH,),a       ^^ >-  As(CH,),Cl, ^^^-^  CHjCl  +  As(CHj)Cl, 

As(CH,)Cl,  — t^!* y  As(CHj)  Cl^ >-  CH,C1  -f  AsQ,. 

Methylarsen-dichloride,  As(CH3)CI„  results  in  the  decomposition  of  cacodylic 
add,  and  of  As(CH,),CIj,  with  hydrochloric  acid : 

As(CH,),0 .  OH  +  3HCI  =  As(CH,)a,  +  CH.Cl  +  2H,0. 

It  is  a  heavy  liquid,  soluble  in  water,  and  boils  at  133^.  At  — lo*'  it  unites  with 
chlorine,  forming  As(CH,)Cl4.  From  the  alcoholic  solution  hydrogen  sulphide  pre- 
cipitates tiie  sulphide^  As(CH,)S,  melting  at  1 10°. 

When  sodium  carbonate  acts  upon  the  aqueous  solution  of  the  dichloride  methyl- 
anenoxide^  As(CH,)0,  is  formed.  It  melts  at  95^,  and  distils  along  with  steam.  The 
oxide  is  basic,  and  may  be  converted  by  the  haloid  acids  and  H^S  into  the  halogen 
derivatives,  AsCH,X,,  and  the  sulphide,  AsCH,S. 

Silver  oxide,  acting  upon  the  aqueous  solution  of  the  above  oxide,  changes  it  into 
the  silver  salt  of  monomethyl  arsonic  acid,  (CH,)AsO(OH),,  an  analogue  of  methyl 
pbospho-acid  (p.  1 75).  When  ethyl  iodide  acts  upon  sodium  arsenite,  AsO,Na„ 
sodium  monoddiiyl  arsonate,  C^Hj .  AsO(ONa),,  is  produced. 

Dimethyl  Arsine  Derivatives. — Cacodylic  oxide  or  alkarsine, 

SQfj*v*^>0,  is  the  starting-out  material  for  the  preparation  of  the 

dimethyl  compounds.  Its  formation  from  potassium  acetate  and 
arsenic  trioxide  has  already  been  given  on  p.  1 76.  The  crude  oxide 
ignites  spontaneously  in  the  air.  This  is  due  to  the  presence  in  it  of 
a  slight  amount  of  free  cacodyl.  When  prepared  from  cacodyl  chloride 
by  caustic  potash  it  does  not  inflame  spontaneously,  and  is  a  liquid  with 
a  stupefying  odor.  It  solidifies  at — 25^.  It  boils  at  120°,  and  at  15^  has 
a  specific  gravity  of  1.462.  It  is  insoluble  in  water,  but  readily  solu- 
ble in  alcohol  and  in  ether.. 

Dimethyl  Arsine,  Cacodyl  Hydride  ^  (CH,),AsH,  boils  at  36®.  It 
is  produced  when  zinc  and  hydrochloric  acid  act  upon  cacodyl  chlo- 
ride in  alcoholic  solution.  It  is  a  colorless,  mobile  liquid,  with  the 
characteristic  cacodyl  odor.      It  inflames  spontaneously  in  the  air 

(B.  27,^37S). 

Cacodyl  Chloride,  As(CH,),Cl,  is  formed  by  heating  trimethyl  arsen-dichloride, 
As(CHg)«C],  (see  above)  and  by  acting  upon  cacodyl  oxide  with  hydrochloric  acid,  as 
well  as  m>m  CI,  and  cacodyl.  It  is  more  readily  obtained  by  heating  the  corro- 
sive sublimate  compomid  of  the  oxide  with  hydrochloric  acid.  It  boils  at  100^.  It 
luiites  with  chlorine  to  form  the  truhloruie,  A8(CH,),C1.,  which  renders  possible  the 
tiaositaoQ  finom  the  dimethyl  compounds  to  the  monomethyl  derivatives. 
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Cacodyl  Sulphide,  AsrCH'i'-^^*^^°^  cacodyl  chloride  and  barium  sulphide,  in- 
flames in  the  air. 

Cacodyl  Cyanide,  As(CH,),.  CN,  is  formed  by  heating  cacodyl  chloride  with 
mercuric  cyanide.     It  fuses  at  33*^  and  boils  at  140^. 

Cacodylic  Acid,  (CH,),AsO.  OH  (see  p.  175),  corresponds  in  its  composition  to 
dimethyl  phosphinic  acid.  Cacodyl  oxide,  by  slow  oxidation,  passes  into  cacodyl 
cacodylate,  which  breaks  down,  when  distilled  with  water,  into  cacodylic  oxide  and 
cacodylic  acid : 

As(CH,),>"  +  "  -OAs(CH,),>" 
^OMChJ)|>^  +  "«^  =  [  As(CH,),],0  +  20As(CH,), .  OH. 

It  is  also  obtained  by  the  action  of  mercuric  oxide  upon  cacodylic  oxide : 

m[ch|)|>°  +  *"e°  +  "»°  =  2A$(CH,),0 .  OH  +  2Hg. 

It  is  easily  soluble  in  water,  is  odoriess,  and  melts  at  200^,  with  decomposition. 
Hydriodic  acid  reduces  it  to  cacodyl  iodide,  As(CH,),I. 
Hydrogen  sulphide  changes  it  to  cacodyl  sulphide, 

PCIg  converts  it  into  dimethyl  arsentrichloridey  (CH,),AsCls,  which,  like  an  acid 
chloride,  regenerates  cacodylic  acid  with  water. 

As(CH,), 
Cacodyl,  As2(CH,)4  =  |  ,  diarsentetramethyl,  is  formed  by  heating  the 

As(CH,), 
chloride  with  zinc  filings  in  an  atmosphere  of  carbon  dioxide : 

O     As(CH,),    ^HCl        d ,  As(CH,),      Zn  As(CH,), 

^^ As(CH3),  ^  CI .  As(CH,),  ^  As(CH,),  * 

It  is  a  colorless  liquid,  insoluble  in  water.  It  boils  at  170°,  and  solidifies  at 
— 6°.  Its  odor  is  frightfully  strong,  and  may  induce  vomiting.  Cacodyl  takes  fire 
very  readily  in  the  air  and  burns  to  As,0,,  carbon  dioxide  and  water.  It  yields 
cacodyl  chloride  with  chlorine  and  the  sulphide  with  sulphur.  Nitric  acid  converts 
it  into  a  nitrate,  As(CH5), .  O  .  NO,. 

Ethyl  Cacodyl,    I  ,  diethylarsine,  is  formed  together  with  triethylarsine 

As(C,H,), 
on  heating  sodium  arsenide  with  ethyl  iodide.     It  boils  at  185-190^,  and  takes  fire 
in  the  air.     It  oxidizes  to  diethyl  arsinic  add^  {Q^^^h&O .  OH. 

TERTIARY  ARSINES. 

The  tertiary  arsines  are  formed  by  the  action  of  the  zinc  alkyls  upon  arsenic 
trichloride  and  by  heating  the  alkyl  iodides  with  sodium  arsenide. 

Cacodyl,  formed  simultaneously,  is  separated  by  fractional  distillation. 

Trimethylarsine,  (CH.),As,  and  Triethylarsine,  (C2H5)3As,  are  liquids  with 
very  disagreeable  odor.  With  oxygen  they  yield  Trimethyl  arsenoxide^  (CH,)|AsO, 
and  Triethyl  arsenoxidcy  fC,H5)5AsO.  These  bodies  correspond  to  trietkylamine 
oxide  (p.  172)  and  triethyl  phosphine  oxide  (p.  1 75);  with  sulphur  they  yield 
trimethyl-  and  triethyl  arsine  sulphide ^  As(C,H5)j,S ;  and  with  Br,  and  L.  they  form 
trimethyl  arsine  bromide^  As(CHj)3Br,,  and  triethyl  arsine  iodide^  A&{Cm.^^^, 

Quaternary  Alkyl  Arsonium  Derivatives.  —  Tetramethyl  Arsonium  Iodide^ 
As(CH3)^I,  and  tetra-ethyl  arsonium  iodide^  AsfC^H^)^!,  are  obtained  by  the  union 
of  trimethyl  arsine  and  triethyl  arsine  with  methyl  iodide  and  ethyl  iodide.  Both 
bodies  crystallize,  and  correspond  to  the  tetra-alkyl  ammonium  and  phosphonium 
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iodides  (pp.  i68,  174).  Like  the  latter,  they  are  changed  by  moist  siWer  oxide  to 
hydroxides : 

Tetramgthyl  Arsonium  Hydroxide^  As(CH,).OH,  and  Tetra-ethyl  Arsonium 
Hydroxide,  AsCCjHJ^OH. 

These  are  crystalline,  deliquescent  bodies.    They  show  a  strong  alkaline  reaction. 


8.  ALKYL  DERIVATIVES  OF  ANTIMONY. 

The  denYatives  of  antimony  and  the  alkyls  are  perfectly  analogous  to  those  of 
anenic ;  but  those  containing  one  and  two  alkyl  groups  do  not  exist.  We  are  indebted 
to  Ldwig  and  to  Landolt  for  our  knowledge  of  them. 

Tertiary  Stibines  are  produced  like  the  tertiary  arsines : 

ii^  By  the  action  of  alkyl  iodides  upon  potassium  or  sodium  antimonides ; 
2)  By  the  interaction  of  zinc  alkyls  and  antimony  trichloride. 
Trimethylstibine,  Sb(CH,),,  antimony  trimethyl,  boils  at  81^;  its  sp.  gr.  at  15^ 
is  1.523,  and  Triethylstibine  or  Stibethyl,  Sb  (C^H^),,  boiling  at  159°,  are  liquids 
which  take  fire  in  the  air,  and  are  insoluble  in  water.  In  all  their  reactions  they 
manifest  the  character  of  a  bivalent  metal,  perhaps  calcium  or  zinc.  With  oxygen, 
sulphur,  and  the  halogens,  they  combine  energetically  and  decompose  the  concen- 
trated haloid  acids,  expelling  their  hydrogen : 

Sb(C,H,),  +  2Ha  =  Sb(C,H,),Cl,  +  H,. 

TrUthyl  Stihine  Oxide^  Sb(C,H5),0,  is  soluble  in  water,  which  is  also  true  of 
Trirtkylsiibine  Sulphiile^  SbiC^H^^gS,  consisting  of  shining  crystals.  Its  solution 
behaves  somewhat  like  a  calcium  sulphide  solution.  It  precipitates  sulphides  from 
solutions  of  the  heavy  metals  with  the  formation  of  salts  of  triethylstibine. 

Quaternary  SHbonium  Compounds^  prepared  from  tertiary  stibines  by  the  addition 
of  idkyi  iodides,  are  changed  by  moist  silver  oxide  into  tetra-alkyl  stibanium  hydrox- 
ides. Tetramethyl  and  Tetraethyl  stibonium  iodide^  Sb(C,H5)4l,  as  well  as  Tetra- 
meihyt  and  Tetraethyl  stibonium  hydroxide,  (C,H5)4St>OH,  resemble  the  corres- 
poAdmg  arsenic  derivatives  very  much  in  their  properties. 
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These  arrange  themselves  with  those  derived  from  antimony  and  arsenic ;  but  in 
accordance  with  the  complete  metallic  nature  of  bismuth,  we  do  not  meet  any  com- 
poands  here  analogous  to  stibonium  or  arsonium. 

Further,  in  trialkyl  derivatives  the  alkyl  groups  are  less  intimately  united  with  the 
bismuth  than  they  are  with  arsenic  and  antimony  in  their  corresponding  derivatives. 

Tertiary  biamutbides  result  from  (i)  the  action  of  alkyl  iodides  upon  potassium 
bismuthide ;  (2)  the  interaction  of  zinc  alkyls  and  bismuth  tri-bromide. 

Bismuth-Trimethyl,  Bi(CH,)„  and  Bismuth-Triethyl,  Bi(C,H5)„  are  liquids. 
They  can  be  distilled  without  decomposition  under  diminished  pressure.  They  ex- 
plode when  heated  at  the  ordinary  pressure  (B.  20,  1 5 16;  ax,  2035).  Bismuth 
trimethide  is  changed  by  hydrochloric  acid  to  BiClj  and  methane.  The  tri-ethide  is 
spootaneously  inflammable.  It  unites  with  iodine  to  Bismuth  Diethyl  Iodide,  Bi- 
(C,H^),I ;  and  with  mercuric  chloride  to  Bismuth- ethyl  Chloride,  Bi(C2Hj)Cl, : 

Bi(C,H5),  -f  2HgCl,  =  Bi(C,H5)Cl,  -f  2Hg(C,H,)Cl. 
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FrDui  the  alcoholic  solution  of  the  iodide  the  alkalies  precipitate 
oxide^  Bi(C,H()0  an  amorphous,  yellow  powder,  which  takes  fire  readily  in  the  air. 

The  nitrate^  ^'(^^5X0  NO  ' ''  prod^^^^^  ^1  adding  silver  nitrate  to  the  iodide. 


10.    BORON  ALKYL  COMPOUNDS. 

These  are  formed  by  the  action  of  zinc  alkyls  upon  (i)  boron  trichloride,  (2) 
boric  ethyl  ester  (p.  147)  (Frankland,  A.  124,  129) : 

2B(0.C,H,),  +  3Zn(C,HJ,  =  2B(C,HJ,  +  3(C;H.  .  O)^. 

Trimethyl  Borine  is  a  gas. 

Triethylborine,  or  Borethyl,  B'(C^H5)„  boils  at  95®.  Both  ignite  in  contact  with 
the  air  and  possess  an  extremely  penetrating  odor.  When  heated  together  with 
hydrochloric  acid,  ethyl  borine  decomposes  into  diethylborine  chloride  and  ethane : 

B(C,H,),  +  HQ  =;=  B(C,H,),a  +  C,H,. 

Slowly  oxidized  in  the  air,  triethylborine  passes  into  the  diethyl  ester  of  ethyl  boric 
acid  or  Boron  Etho-diethoxide,  B(C,Hg)(O.C,H5),,  boiling  at  125®;  water  de- 
composes it  into  ethyl  boric  acid,  C^H^.B(OH),. 


II.  SILICON  ALKYL  COMPOUNDS. 

Silicon  is  the  nearest  analogue  of  carbon.  Its  similarity  to  the  latter 
shows  itself  very  strongly  in  its  derivatives  with  the  alcohol  radicals, 
which  in  many  respects  resemble  the  correspondingly  constituted 
paraffins  (Friedel ;  Crafts;  Ladenburg,  A.  203,  241).  As  early  as 
1863  Wohler  directed  attention  to  the  analogy  existing  between  the 
carbon  and  silicon  compounds. 

Silicon  Tetramethidcy  Si  (CHj)^,  corresponds  to  Tetramethy I  Methane ^ 
C(CH,),. 

Silicon  Tetraethidcy  Si(C,H5)4,  corresponds  to  Teiratihyl  Methane^ 
C((\H5)4. 

They  are  produced  like  the  alkyl  borines  when  zinc  alkyls  act  upon 

(i)  Silicon  halogen  compounds; 

(2)  Upon  esters  of  silicic  acid. 

Silicon-methyl,  Si(CH,)«,  from  SiCl«  and  zinc  methyl,  boils 
at  ^0°. 

Silicon-ethyl,  Silicon-tetraethide,  Si(C,HOo  SiUcononane, 
from  SiCl4  and  ZnCCjHj),,  by  the  action  of  chlorine,  forms  a  substitution 

{(Q  H  ^ 
C  H  CI'  s^li^o^<>"y^  chloride.    Potassium  acetate  changes 
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this  to  the  acetic  ester  of  silicononyl  alcohol,  which  alkalies  decom- 
pose into  acetic  acid  and  silicononyl  alcohol : 


Siucofioiuuie, 


Silicononyl  Chloriae,  Silicononyl  Alcohol. 


B.  P.  153?  B.  P.  1850  B.  P.  1900. 

Silicon  Hezethyl,  or  Hexethjl-silicoethane,  Si,(C,H^),,  from  zinc  ethyl  aod 
Si^I^  boils  from  250-253^. 

Triethylsilicon  Ethylate,  (CLH.),Si.O.C,H..  boils  at  iss"*. 

DiethylsiUcon-dietbylate,  (CLHs),Si.(O.C,H5)„  boils  at  155.80. 

Ethyteilicon-triethylate,  (C,H5)Si(O.C,Hj),,  is  a  liquid  with  a  camphor-like 
odor,  boiling  at  i59*'-  These  three  compomids  are  produced  when  zinc  ethide  acts 
upon  silicic  ethyl  ester,  Si(OC,Hj).  (p.  147). 

Acetic  anhydride  converts  triethyl  silicon  ethyl  ester  into  an  acetic  ester.  When 
this  is  saponified  by  caustic  potash,  it  yields  Triethylsilicon  hydroxide  or  Triethyl 
siiuoif  (C^H5),Si   OH,  corresponding  in  constitution  to  Triethyl  carbinol. 

Acetyl  chloride  changes  diethyl  silicon  diethyl  ester  into  Diethylsilicon  chloride^ 
(C;H5)^C1„  boiling  at  148^  Water  transposes  it  into  dUthylsilicon  oxide,  (C,H(),- 
Si .  O,  corresponding  to  diethyl  ketone  in  composition. 

With  acetyl  chloride  ethyl  silicon  triethyl  ester  forms  ethyl  silicon  trichloride, 
(C,Hj)SiCL.  This  liquid  fumes  strongly  in  the  air,  boils  at  about  loo®,  and  when 
treated  witn  water  passes  into  ethyl  silicic  acid,  (C,H.)SiO.OH  (Silico-propionic 
acid),  which  b  analogous  to  propionic  acid,  C,Hj.CO.OH,  in  constitution.  It  is  a 
white,  amorphous  powder,  whicn  becomes  incandescent  when  heated  in  the  air. 
With  the  corresponding  propionic  acid  it  only  shares  the  property  of  being  an  acid. 

Table. 

(C,H,),SiOH,     Triethyl  Silicol  corresponds  to  (C,H5),C .  OH,  Triethyl  Carbinol. 
(C,H5),SiO,         Diethyl  Silicon  Oxide  corresponds  to  (C,Hj^)2C0,  Diethyl  Ketone. 
C^Hj .  SiO .  OH,  Silico-pffopioiiic  Acid  corresponds  to  €,1)5 .  COQH,  Pkopionic  Acid. 


12.  GERMANIUM  ALKYL  DERIVATIVES. 

The  compounds  of  germanium  form  the  transition  from  those  of  silicon  to  those 
<»f  tin. 

Gtemanium-Ethide,  Ge(C,H5)4,  is  formed  when  zinc  ethide  acts  upon  ger- 
manium chloride.  It  is  a  liquid  with  a  leek-like  odor.  It  boils  at  160^  (CI. 
Winkler,  J.  pr.  Ch.  [2]  36,  204). 


13.  TIN  ALKYL  COMPOUNDS. 

In  addition  to  the  saturated  derivatives  with  four  alkyls,  tin  is  also 
capable  of  uniting  with  three  and  two  alkyla,  forming : 

^^^"•)»  Sn(C,H,), 

Sn(r,H,>,  SnfCHj), 

Tia  Tctraethyl  Tin  Triethyl  Tin  Diethyl. 


.-£ 
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K  T   -n-  ""•  ■'>-=  «^'<»'^  mi-moor,  ud  oUier  elecncnu.     (t)  The  Kiiion  of  lioc 

i^.^  *^»  J—.*    -h-i-uE,  •*«  SjuCH,),  and  Sn(C,H,)j  ■reproduced.    (2)  The 

u   I    .>      ,^.^t->  i,'\.-a  ::B-w(lism  (tin  alodc  01  tin  line).     When  the  allojp  con- 

^^  J   .„^  ,,B^  a  *^,uBfc,  s^C,H,),  is  produced,  but  when  compuitiielj  little 

^  ^    ,rwa»  ne  .-iio  s«»i«t  is  Sn(C,H.),l,.     Sodium  abstract*  iodine  frran 

■^   .     I    ,  ^nt  i^-MU  •.'Ale*  with  the  formation  of  Sn,(C,H,lj  and  Sn,lC:,- 

.,  -i,^  ,^1  jc  a;«ii«J  ij  Bearu  of  akohol,  in  which  the  latter  is  insoluble. 

*Tn>  Ti.nawi  ft]  '   N>  v  H,',.  boils  at  78°.     Tin  Tetraetbyl,  Stanitic  Etbide, 

.^  '     ,        v-J-  a  -^>''  ■'^  poaseues  a  specific  gravitj  of  1.187  ■!  ^i"-     ISolh  an 

^^Jl ',  ^„^  -^Mtliilt  i>>)i>ii]s,  insoluble  iti  water.     B;  the  action  of  the  halo- 

"^1^  ^  «»- J.  M*  >•.■«>»<•«'?  eliminated.     Hydrochloric  acid  acta  similaily: 

,«^  _t.^  .?v^*  M*  Ml  M  fiml;  united  in  the  zinc  alkyli  as  thej  ate  in  the 

**t^  'I'T.tjj,;  tekbi*.  Sn(C,H,),I,  boiU  at  aji",  and  ha»  a  specific  Kraiitr  ol 

^1  ^  ..  '  ,  ....ii.'.i/cnW,  Sn(C.H,),Cl,  boils  at  fnim  aoS-llo".  and  has  » 
"  ■"'  "  ,^..;.  1  I  4**-  Alcohol  is  a  soUent  for  both.  When  either  one  is  acted 
>*'"  ^'__  j^  ,.»»«  ••  caustic  potash,  there  is  pixiuced  : 

'^^  ,''^ijl_'  ■  Hydnuide,  SnlCjHj), .  OH,  melting  at  66°  and  boiling  at  172", 
^^  b^ig  >>th  the  steam.  It  is  spuinglr  soluble  in  water,  but  dissolves 
*  ■•■•*■  ■'  ^^^^  ^  eiher.  It  reacts  strongly  alkaline,  and  yields  crystalline  salts 
"^  '  "^^  ,  ,  .N'\>.'jHt),.O.NO,.  When  the  hydroxide  ia  heated  for  some  time 
•**^  *  ^  >if.''i«  tMBl>ei»lure,  it  breaks  down  into  water  and  lin  iritlhyl  oxide, 
Ifc'.   *\  «  -  ■   »  ■•li  Ikiuid,  iiliicli  in  ibe  presence  of  water  at  once  regenerates  the 

^'^^^VaHrikA  ^!i*il^'i'~'tH  '^^^  ali-ive],  is  a  liquid,  of  miutard'like  odor,  insoln- 

^^^^jH  '^•_.  vl'— dilv  soluble  in  ether.     It  distils  wUh  slight  decomposiiioo  at 
■■nrs  with  o.yRi-Ti,  formti^  lintriethyl  o»ide,   |n[^H*j'>0. 


Sn(C,H,j,- 

-T  _- _j,„  ,wl.U  til.  meLb>l  Jo.]idc,  aSnH.,H,),l. 
^I^^^^j   SfcC-V'i'i'  or-""!!'',"!)!'  '»  ■  'hick  oil,  decomposing  when  heated 

'^J-^T^  till      II  combine-  with  oiygen  and  the  halc^ns. 
^■ti^'^?i^  .lA-Wf .  Sn(C,n.),Ll„  melts  at  85°  and  boils  at  aao".     The  tnA'dt, 

"*;  ^^  M  44.S°.  ""-I  boil,  at  145». 
■*  -     *■ '  ^]_^  k,.,tn»i<le  and  the  alkalies  precipitate  fiom  iqueoos  solutions  of  both 

*  *"  "'."|~  '      ^WtiA'.  Sn(C,H^),<"l.  a   white,  insoluble  powder.     It   is  soluble   in 
__^  ^.^  J,  ,»1  (oims  crjslallin'^  salts  with  the  adds,  i.  g.,  Sn(C,H,),<Q- j^q». 


M ETA LLO- ORGANIC  COMPOUNDS. 
Mtiic  compiiimds  are  those  resulting  from  the  union 
nlvalent  alk>ls;    those   with  the   bivalent  alkylens, 
wl  been  preparetl.     iDasmuch  as  wc  have  no  marked 
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line  of  difference  between  metals  and  non-metals,  the  metallo-organic 
derivatives  attach  themselves,  on  the  one  side,  by  the  derivatives  of 
antimony  and  arsenic,  to  the  phosphorus  and  nitrogen  bases ;  and  on 
the  other,  through  the  selenium  compounds,  to  the  sulphur  alkyls  and 
ethers;  whereas  the  lead  derivatives  approach  those  of  tin,  and  the 
latter  approach  the  silicon  alkyls  and  the  hydrocarbons. 

Upon  ezAxnimng  the  metals  as  they  arrange  themselves  in  the  periodic  system  it  is 
nUher  remarkable  to  find  that  it  is  only  those  which  attach  themselves  to  the  electro- 
negative non-metals  which  are  capable  of  yielding  alkyl  derivatives.  In  the  three 
laige  periods  this  power  manifests  and  extends  itself  only  as  far  as  the  group  of  zinc 
(Zn,  Cd,  Hg).     (Compare  Inorganic  Chemistry.) 

Those  compounds  in  which  the  metals  present  their  maximum 
valence,  e,  ^., 

n  111  rv  IV  V 

Hg(CH,),        A1(CH,),        Sn(CH,),        Pb(CH,),        Sb(CH,)4, 

are  volatile  liquids,  usually  distilling  undecomposed  in  vapor  form ; 
therefore,  the  determination  of  their  vapor  density  is  an  accurate  means 
of  establishing  their  molecular  weight,  and  the  valence  of  the  metals. 

The  behavior  of  the  metallo-organic  radicals,  derived  from  the  molecules  by  the 
aepuation  of  single  alkyls,  is  especially  noteworthy.     The  univalent  radicals,  e.g,, 

II  III  IV  IV  v 

Hg{CH,)-    T1(CH,),-    Sn(CH,),-    Pb(CH,),-    Sb(CH,),-, 

show  great  resemblance  to  the  alkali  metals  in  all  their  derivatives.  Like  other 
nnivalent  radicals,  they  cannot  be  isolated.     They  yield  hydroxides,  e,  g. , 

Hg(C,Hj) .  OH        T1(CH,), .  OH        Sn(CH,), .  OH, 

perfectly  similar  to  KOH  and  NaOH.  Some  of  the  univalent  radicals,  when  sepa- 
rated from  their  compounds,  double  themselves : 


As(CH,),  Si(CH,),  Sn(CH,),  Pb(CH,), 

As(CH,),  Si(CH,),  Sn(CH,),  Pb(CH,),. 


By  the  exit  of  two  alkyls  from  the  saturated  compounds,  the  bivalent  radicals 

result: 

ui  IV  rv  v 

=  Bi(CH,)  =Te(CH,),  =Sn(C,H,),  =Sb(CH,),. 

In  their  compounds  (oxides  and  salts)  these  resemble  the  bivalent  alkaline  earth 
metals,  or  the  metals  of  the  zinc  group.  A  few  of  them  occur  in  free  condition.  As 
unsaturated  molecules,  however,  they  are  highly  inclined  to  saturate  two  affinities 
directly.  Antimony  triethyl,  Sb(C,H5)|  (see  p.  177),  and  apparently,  too,  tellurium 
diethyl,  Te(C,Hj),,  have  the  power  of  uniting  with  acids  to  form  salts ;  hydrogen  is 
liberated  at  the  same  time.     This  would  indicate  a  distinct  metallic  character. 

V 

Finally,  the  trivalent  radicals,  like  As(CH3),,  can  also  figure  as  univalent.     This 
is  the  case,  too,  with  vinyl,  C^H,.     These  may  be  compared  to  aluminium,  and  the 
so-called  cacodylic  acid,    As(CHj),O.OH  (p.    178),   to  aluminium  metahydrate, 
N^IO .  OH. 
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We  coadMle,  Ibacfae,  fhal  die  eledio-iiegadve  meUls,  by  the  soccessiTe  anion  of 
akohol  ndkils,  always  aoqoiie  a  nore  strongly  impressed  basic,  alkaline  character. 
This  also  finds  expression  with  the  non-metals  (snlphor,  phosphorns,  anenic,  etc.). 
(Compare  pp.  148.  173,  175.) 

The  first  meUdlo-organic  derivatives  were  prepared  by  Frankland. 
Ziiu  alkyls  are  particularly  important  as  carriers  of  alcohol  radicals. 

Methods  ef  Fonmatian: 

(i)  Action  of  metals  (Mg,  Zn,  Hg)  upon  alkyl  iodides. 
(3)  Action  of  alloys  (Pb,  Na)  upon  alkyl  iodides  (see  Bi-,  Sb-,  Sn- 
compounds). 

(3)  Action  of  metals  (K,  Na,  Be,  Al)-upon  metallo-organic  bodies 
(zinc  alkyls,  mercury  alkyls). 

(4)  Action  of  metallic  chlorides  (PbCl,)  on  metallo- organic  deriva- 
tives (zinc  alkyls ;  compare  BCla,  SiCU,  SnCl^  GeCl4  upon  zinc  alkyb). 

A.  COMPOUNDS  OP  THE  ALKALI  METALS. 

When  sodium  or  potassium  is  added  to  zinc  methide  or  ethide,  zinc  separates  at 
the  ordinary  temperature,  and  firom  the  solution  which  is  thus  produced,  crystalline  com- 
poonds  deposit  on  cooling.  The  liquid  retains  a  great  deal  of  unaltered  zinc  alkyl, 
but  it  also  appears  to  contain  the  sodium  and  potassium  compounds — at  least  it  some- 
times reacts  quite  differently  from  the  zinc  alkyls.  Thus,  it  absorbs  carbon  dioxide, 
forming  salts  of  the  fatty  acids  (Wanklyn,  A.  ixi,  234) : 

CjHjNa  -f  CO,  =  CjHj .  CO,Na. 

Sodium  Propionate. 

These  decomposable  bodies  cannot  be  separated  in  a  pure  condition. 

B.  COMPOUNDS  OP  THE  METALS  OP  THE  MAGNESIUM  GROUP. 

1.  Beryllium  Ethide,  Be(C,Hf)„  formed  by  the  3d  method,  boils  at  from  185^- 
188^  and  ignites  sponUneously.      Beryllium  Propyl,  Be(C,Hf),,  boils  &t  245^ 

2.  Magnesium  Ethide,  Mg(C,Hj),.     On  warming  magnesium  filings  with  ethyl 

iodide  away  from  contact  with  the  air,  magnesium  ethyl  iodide,  Mg<^p    ^,    6rst 

results.  On  applying  heat  to  this  it  decomposes  into  Mg(C,H|),  and  Mgl,  (B.  25, 
R.  745 ;  26,  R.  718).  Be(C,Hj),  and  Mg(C,Hj),.  like  Zn^C^Hj),  (see  this),  are  de- 
composed by  water. 

C.  ZINC  ALKYL  COMPOUNDS. 

Zinc  methide  and  zinc  ethide  were  discovered  in  1849  ^X  Fi'^nk 
land  (A.  71,  313;  85,  329;  99,  342).  The  zinc  alkyls  are  exceed- 
ingly reactive,  and  are,  on  this  account,  the  most  important  class  of 
the  metallic  alkyls.  ^ 

Methods  of  Formation, — (i)  When  zinc  filings  act  upon  iodides 
of  the  alcohol   radicals  in  sunlight,  iodides  are  formed,  which  are 

'omposed  by  heat  into  zinc  alkyls  and  zinc  iodide : 

CjHJ  4-  Zn  =  I_Zn_C,H 
2Zn<^"6  =  Zn(C,Hj),  +  Znl,. 
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The  actioo  may  be  accelerated  if  the  tine  tarniiigs  ha*e  been  previously  corroded, 
oc  by  the  application  of  DDc-sodinm  or  ihic-ccpper.  In  pteporing  zinc  elhide,  ethyl 
iodide  is  poured  over  zinc  clippings  and  a  little  pure  zinc  elhide  is  then  added.  The 
formation  of  I — Zn  .  C,Hj  is  then  completed  al  the  oidinaTytemperalnre,  and  thU  body 
separates  in  large,  traoiparettt  crystals.  Wh«n  It  is  heated  in  a  cnnent  of  CO,,  it 
fields  line  etlude  (A.  151,  330;  B.  16,  R.  8$). 

(z)  The  mercury  alkyls  are  transposed  by  zinc  into  nnc  alkyls,  with  the  separation 
of  mercury: 

HgtC,H.),  +  Zn  =  Zn(C^.),  +  Hg. 

Properties. — ^The  zinc  alkyls  are  colorless,  disagreeable- smelling 
liquids,  fuming  strongly  in  the  air  and  igniting  readily;  thererore, 
they  can  only  be  handled  in  an  atmosphere  of  carbon  dioxide.  They 
inflict  painful  wounds  when  brought  in  contact  with  the  skin. 

Zinc  Methide,  Xn(<;Hji.,  Loi1ial46°.     Ilssp.  gr.  at  10"  is  1.386. 

Zinc  Etbide,  Zn(<  ,H  ,/Ujihat  118°,  and  has  the  sp.  gr.  1. 182  at  18°. 

Zinc  Propyl,  Zii  1  r  H  _   r  H  j .  CH,)„  boils  al  146°. 

Zinc  Isopropyl,  /n\<  ,11. 1,,  boils  at  13^137°  (B.  16,  R.  3S0). 

Zinc  laobutyl,  /n  '■|n,i',,'b'iils  ai  165-167°  (A.  a»3,  168). 

Zinc  Isoamyl,  /-v'    11,,  ..  l...iU  st  310°  (A.  130,  121). 

Traniposititms. — The  linc  alkyls  are  exceediDEly  readire. 

(I)  Water  decomposes  them  »ery  energetically,  forming  hydrocarbons  and  lioc 
hydroxide  (see  Hclhane,  Ethane,  pp.  81,  83). 

(2]  Oiygen  is  added  by  slow  oxidation  in  the  air,  and  compounds,  i-  g. ,  (CH,),- 
ZdO,,  analogoas  to  peroiidea,  arc  produced.  These  explode  readily  sAd  liberate 
iodine  (rtim  potassium  iodide  (B.  13,  394). 

(3)  The  alcohols  convert  the  linc  alkyls  into  zinc  alcoholates  and  hydrocarbons : 

Z«"(C,H,),  +  C,H, .  OH  =  Zo<^jf^"*  +  C,H,.     . 

(4)  The  free  halogens  decompoae  both  the  zinc  alkyls  and  those  of  other  meiats 
Tcry  energetically: 

Z*(C,H,),  +  aBr,=  aC,H,BT  +  ZnBr,. 

(5)  They  react  with  chlorides  of  Che  heavy  metals  and  the  non-metals,  whereby 
alkj]  derivatiies  of  the  latter  are  produced  (p.  184). 

(6)  The  zinc  alkyls  absorb  su][Anr  dioxide  and  become  zinc  salts  of  the  snlphinic 
acids  (p.  IS3). 

(7)  Nitric  oxide  dissolves  in  zjnc  diethyl  and  forms  ■  cryatalline  compound,  from 
wbicb  the  line  salt  of  the  i*called  dinifraeikyUc  acid,  C,H,  .N,0,H,  is  obtained 
by  the  action  of  water  and  CO,. 

iiu  appHtatian  af  lit  tine  alkyls — sok-  mtlkide  and  unt  itkidt — is  particularfy 
important  in  nmclati-^tUktHc  riaetioni  : 

(1)  Hydrocarbons  are  formed  when  the  alkyl  iodides  are  exposed  to  Ugh  tempera- 
lira  (p.  S4). 

(2)  ^'hen  zinc  alkyls  (zinc  and  alkyl  iodides)  act  npon  aldehydes,  acid  chlorides, 
ketomes,  fonnic  esters,  acetic  esters,  arid  chlorinated  ethers,  dcnvalives  of  iteettdary, 
tertiary,  aiid  primary  ■tcohols,  as  well  as  of  kilantt,  are  produced.  The  alcohols 
(pp.  113,  114)  and  ketones  (p.  109)  can  eacily  be  obtained  Irom  them. 

The  ^yl  oxide*  and  tlie  alkylen  oxides  are,  however,  not  affected  by  ihe  zinc 
•Ikyb  (B.  17.  1968}. 
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D.  MERCURY  ALKYL  DBRIVATIVB8. 


The  dialkyl  compounds  are  formed — 

(l)  By  the  interaction  of  sodium  amalgam  and  alkyl  iodides,  with  the  addition  of 
acetic  ester  (Frankland,  A.  130,  105,  109).  The  r6le  of  the  acetic  ester  In  this 
reaction  has  not  yet  been  explained : 

2C,H  J  +  Hg .  Na,  =  (C,H5),Hg  +  aNal. 

i2^  By  the  action  of  potassium  cyanide  upon  mercury  alkyl  iodides. 
3)  By  the  action  of  zinc  alky  Is  upon  mercury  alkyl  iodides : 

2C.H,HgI  +  Zn(C,H,).  =  a(C,H,).Hg  +  Znl^ 

(4)  By  the  action  of  zinc  alkyls  upon  mercuric  chloride : 

HgCl,  +  Zn(C,H,),  =  (C,H,).Hk  +  ZnO,. 

Properties, — These  compounds  are  colorless,  heavy  liquids,  possessing  a  faint« 
peculiar  odor.  Their  Tapors  are  extremely  poisonous.  Water  and  air  occasion  no 
change  in  them,  but  when  heated  they  ignite  easily. 

Mercury  Methide,  Hg(CH,),,  sp.  gr.  3.069,  boils  at  95*.  Mercury  Eikide, 
Hg(C,H5),,  sp.  gr.  2.44,  boils  at  159^  and  at  200°  breaks  down  into  Hg  and  butane, 
C,H. .  C^Hj.     It  yields  ethane  (p.  %2\  when  treated  with  concentrated  sulphuric  acid. 

The  mono-alky  I  derivatives  arise  (l)  by  the  action  of  mercury  upon  alkyl  iodides 
in  sunlight :  C^H^I  -f-  Hg  =  C,H. .  Hg .  I ;  (2)  from  the  dialkyl  mercuiy  derivatiTes — 
(a)  by  the  action  of  halogens;  (6)  by  the  action  of  the  halcMd  acids;  (c)  by  the 
action  of  mercuric  chloride. 

Mercury  Methyl  Iodide ^  CH,HgI,  forms  shining  needles,  insoluble  in  water,  melt- 
ing at  143^.  Silver  nitrate  changes  it  to  methyl  mercury  nitrate^  CH,Hg .  O .  NO,. 
Mercury  Ethyl  Iodide,  C^H^Hgl,  is  decomposed,  by  sunlight,  into  mercuric  iodide 
and  C^Hjg.  Mercury  AUyl  Iodide,  CH^Hgl,  melts  at  135®  and  is  converted  by  HI 
into  propylene  and  mercuric  iodide,  Hgls.  Moist  silver  oxide  changes  the  haloid 
derivatives  io  hydroxyl  compounds  : 

CjHjHgQ  -f  (AgOH)  =  C,Hj .  Hg .  OH  +  AgQ. 

Ethyl  Mercuric  Hydroxide,  C,H^HgOH,  is  a  thick  liquid,  soluble  in  water  and  in 
alcohol.     It  reacts  strongly  alkaline,  and  forms  salts  with  acids. 


B.  ALKYL  COMPOUNDS  OF  THE  METALS  OP  THE  ALUMINIUM  GROUP. 

The  aluminium  alkyl  derivatives  attach  themselves  to  those  springing'  from  boron 
(p.  180).  They  are  produced  by  the  action  of  the  mercury  alkyls  upon  aluminiam 
tilings. 

Aluminium-Trimethyl,  A1(CH,)„  boils  at  130^.  Aluminium  Triethyl,  Al- 
(CfHg)!*  boils  at  194^.  Both  are  colorless  liquids  and  are  spontaneously  inflammable. 
Water  decomposes  them  with  great  violence,  forming  methane  (ethane)  and  aluminiam 
hydroxide.  Their  vapor  densities  answer  better  for  the  molecular  formula  A1((^H^), 
than  for  Aly(CH,)^  (see  B.  22,  551 ;  Z.  phys.  Ch.  3,  164). 

The  denvatives  of  trivalent  gallium  and  indium  have  not  been  prepared. 

The  thallium-diethyl  compounds  are  known. 

Thallium-Diethyl  Chloride,  Tl(C,Hs),Cl,is  formed  when  zinc ethide  is  allowed 

act  upon  thallium  chloride. 

Thallium-diethyl  salts,  e.  g.,  T\(C^Y{^fi  .  NO,,  are  obtained  from  thb  by  double 

composition  with  silver  salts.    If  the  sulphate  be  decomposed  with  barium  hydrate, 

allium-diethyl  hydroxide,  T1(C,H5), .  OH,  is  obtained.     This  is  readily  soluble  in 

Iter,  crystallizes  therefrom  in  glistening  needles,  and  has  a  strong  alkaline  reaction. 
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F.  ALKYL  COMPOUNDS  OF  LEAD. 

These  are  very  similar  to  the  derivatives  of  tin  (p.  181).  Deriva- 
tives containing  two  alkyl  groups  combined  with  one  atom  of  lead  do 
not  exist.  In  these  the  lead,  as  in  most  of  its  inorganic  derivatives, 
would  be  bivalent.  Lead  alkyls  are  produced  (i)  by  acting  upon  lead 
chloride  with  zinc  ethide:  PbCC^Hj)*;  (2)  by  the  interaction  of  alkyl 
iodides  and  lead-sodium  :  Pb,(C,H5)e. 

Lead  Tetramethide,  Pb(CH,)4,  boils  at  Iio®.  Lead  Tetraetkide,  Pb(C,Hj)4,  and 
Lead  Trietkide,  Ph,(C,H5)^,  are  oily  liquids  which  cannot  be  distilled  without  decom- 
position. The  iodide^  Fb(C,Hg),I,  is  produced  when  iodine  acts  upon  lead  tetraethide. 
On  heating  with  moist  silver  oxide,  lead  triethyl  hydroxide^  Pb(C|Hj)s .  OH,  distils 
OTer.  This  reacts  very  alkaline,  and  forms  crystalline  salts  with  the  acids.  The 
adpkate^  [Ph((4Hj),],S04,  dissolves  in  water  with  difficulty. 


a.  ALDEHYDES  AND  3.  KETONES. 

When  the  derivatives  of  the  methane  hydrocarbons  containing  oxy- 
gen were  discussed,  attention  was  directed  to  the  intimate  genetic 
relations  existing  on  the  one  hand  between  the  primary  alcohols, 
the  aldehydes  and  mono- carboxy lie  acids,  and  on  the  other  between  the 
secondary  alcohols  and  the  ketones  (p.  108). 

Aldehydes  and  ketones  contain  the  carbonyl  group  CO,  which  in 
the  latter  unites  two  alkyls,  but  in  the  former  is  combined  with  only 
one  alkyl  and  one  hydrogen  atom : 

CO<^»  CO<^JJj 

Alde^e  Dimethyl  Ketone. 

This  expresses  the  similarity  and  the  difference  in  character  of 
aldehydes  and  ketones. 

Aldehydes  and  ketones  may  be  considered  as  the  oxides  of  bivalent 
radicals,  or  as  the  anhydrides  of  diacid  alcohols ^  or  glycols ^  in  which 
both  hydroxyl  groups  are  attached  to  the  same  terminal  or  inter- 
mediate   carbon    atom.      Whenever    the   formation  of  di hydroxyl 

derivatives  of  the  type  >C<>-v_tt  might  be  expected,  then,  except 

in  very  rare  instances,  water  separates,  an  anhydride  is  produced,  and 
doable  union  between  carbon  and  oxygen  follows,  with  the  production 
of  the  carbonyl  group  >C  =  O.  Ethers,  however,  of  diacid  alcohols, 
of  the  ortho-aldehydes  and  ortho  ketones,  can  exist,  e.  g.: 

CH, .  CH(0 .  C,Hj),  and  CH, .  C(0 .  C,Hj), .  CH,. 

The  following  principal  methods  of  formation  are  common  to  alde- 
hydes and  ketones : 

(i)  Oxidation  of  the  alcohols,  whereby  the  primary  alcohols  change 
to  aldehydes  and  the  secondary  to  ketones  (p.  iii). 
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In  this  oxidation  an  oxyj^en  atom  pushes  itself  between  a  hydrogen  atom  and  the 
carbon  atom  to  which  the  hydroxyl  group  is  joined.  In  the  moment  of  formatioo 
the  expected  diacid  alcohol  splits  off  water,  and  its  anhydride  results, — an  alde- 
hyde or  ketone : 

^-^  (CH, .  CH<g||)  -V  CH, .  C^  +  H,0 

Cannot  exist  Aldehyde 

^>  (ch!>c<8h) >■  ^|l;>c=o+H.a 

Cannot  exist  Acetone. 


CH,— CHjOH 
Primary  Alcohol 


>CHOH 


CH, 
CH, 

Sec.  Propyl  Alcohol 

By  further  oxidation  the  aldehydes   become    acids — fA^   hydrides  of  the 
radicals^ — while  the  ketones  are  decomposed. 

Conversely,  aldehydes   and   ketones  again  become  primary  and 
secondary  alcohols  by  an  addition  of  hydrogen : 


CH, .  CHO  4-  H, 

Aldehyde 
Acetone 


+  H,= 


CH, .  CH, .  OH 
Ethyl  Alcohol 

^2»>CH  .  OH. 
Itopropyl  AlcohoL 


Because  the  aldehydes  and  ketones  manifest  an  additive  power  with 
reference  to  hydrogen,  they  may  be  compared  with  compounds  con- 
taining doubly  linked  carbon  atoms,  which  also,  by  a  dissolution  of 
their  double  union,  can  add  hydrogen.  Compounds  of  this  class 
having  in  their  molecules  carbon  atoms  which  are  doubly  (or  trebly) 
united,  are  in  the  more  restricted  sense  called  ^^unsaturated  carbon 
derivatives*^  (p.  79).  This  idea  may  be  extended,  and  all  carbon 
derivatives  having  atoms  of  other  elements  in  double  or  treble  union 
with  carbon,  may  be  considered  as  *'  unsaturated^  From  this  stand- 
.point  the  aldehydes  and  ketones  are  unsaturated  bodies  (p.  38),  and 
in  fact  most  of  the  reactions  of  these  two  classes  are  due  to  the  addi- 
tive power  of  the  unsaturated  carbonyl  group. 

(2)  The  dry  distillation  of  a  mixture  of  the  calcium,  or  better, 
barium  salts  of  two  monobasic  fatty  acids.  Should  in  this  case  one 
of  the  acids  be  formic  acid,  aldehydes  are  produced  : 

H  .  COOv.  p     1^  CH, .  COO^^^p   CH, .  COH  ^^  f%cc\  r*m 

H .  COO^^*  "»"  CH, .  COO-^^*  —  CH, .  COH  "^  ^^Mi'-*- 
Calcium  Formate      Calcium  Acetate         Acetaldehyde. 

It  is  the  hydrogen  of  the  formate  which  reduces  the  acid. 
In  all  other  instances  ketones  result,  and  they  are  either  simple, 
with  two  similar  alkyls,  or  mixed,  with  two  dissimilar  alkyls : 


cS;;cS8>c«=cH;>co+co,ca 

Acetone 


Calcium  Propionate  Ethyl  Methyl  Ketone. 

On  extending  this  reaction  to  the  calcium  salts  of  adipic,  pimelic  and  suberic  adds, 
cyclo -paraffin  ketones  are  produced. 
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2A.  ALDEHYDES  OF  THE  LIMIT  SERIES,  PARAFFIN  ALDE- 
HYDES, C.Hai+i.CHO. 

The  aldehydes  exhibit  in  their  properties  a  gradation  similar  to  that 
of  the  alcohols.  The  lower  members  are  volatile  liquids,  soluble  in 
water,  and  have  a  peculiar  odor,  but  the  higher  are  solids,  insoluble  in 
water,  and  cannot  be  distilled  without  decomposition.  In  general 
they  are  more  volatile  and  dissolve  with  more  difficulty  in  water  than 
the  alcohols.  In  chemical  respects  the  aldehydes  are  neutral  sub- 
stances. 

Formation, — (i)  By  the  oxidation  of  primary  alcohols,  when  the 
— CH, .  OH  group  becomes  — CHO  (p.  i88). 

The  above  oxidation  may  be  effected  by  oxygen ;  or  air  in  presence  of  platinom 
sponge.  It  takes  place  more  readily  on  warming  tbe  alcohols  with  potassium  dicbio- 
mate  (or  MnQ,)  and  dilnte  sulphuric  acid  (B.  5, 699).  Chlorine  acts  similarly  in  that 
it  first  oxidizes  the  primaiy  alcohols,  but  then  substitutes  the  alkyl  groups  of  the  alde- 
hydes which  have  been  formed  (p.  197). 

(2)  By  heating  the  calcium  salts  of  fatty  acids  with  calcium  formate. 
This  operation,  when  working  with  aldehydes  which  volatilize  with 
difficulty,  should  be  carried  out  under  diminished  pressure  (p.  63) 
(B.  13,  1413). 

(3)  By  the  action  of  nascent  hydrogen  (sodium  amalgam,  or,  better, 
sodium  upon  the  moist  ethereal  solution,  B.  ag,  R.  662)  upon  the 
chlorides  of  the  acid  radicals  or  their  oxides,  the  acid  anhydrides : 

^  CHj.COCl   4-  2H  =  CH,.COH  +  Ha 
Acetyl  Chloride  ^         Acetaldefayde 

CH* "  CO>^  +  4H  =  2CH, .  COH  -f  H,0. 
Acetic  Anhydride  Acetaldehyde. 

In  accordance  with  methods  2  and  3  the  aldehydes  may  be  viewed 
as  hydrides  of  the  acid  radicals. 

(4)  By  heating  the  aldehyde  chlorides  with  water  alone,  or  with  water  and  lead 
oxidie. 

(5)  By  the  saponification  of  the  ethereal  and  ester-derivatiTes,  e,  g, ,  aeetal, 

CH, .  CH<Q^JJ«,   and  etMdem  diacetate,  CH, .  CH<^ "  ^^ '  ^^«,  with  sulphuric 

acid  or  alkalies.  From  methods  4  and  5  dihydroxyl  derivatives  should  be  at  first 
produced.  These  are  the  glycols ,  which,  however,  immediately  pass  into  aldehydes 
with  the  simultaneous  exit  of  water  (p.  188) : 


CH,.CH<^;      CH,.CH<3-^|^ >-  (CH, .  CH<^|][)   >-CH,CHO. 

(6)  When  the  sodium  salts  of  mononitro-paraffins,  having  the  nitro-group  attached 
to  a  terminal  carbon  atom,  are  treated  with  acids,  paraffin  aldehydes  are  produced 
(B.  99.  IM3)  (p.  156). 

(7)  Aldehydes  can  also  be  obtained  from  many  addition  products  (p.  191),  par- 
ticolarly  the  aldehyde  ammonias  and  the  alkali  sulphite  derivatives. 
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(8)  When  the  a-mcmo-carbozylic  acids  are  treated  with  sulphuric  acid  aldehydes 
are  formed,  with  a  simnltaneous  splitting-off  of  formic  acid  or  its  decomposition 
products — water  and  carbon  monoxide : 

CH, .  CH(On)CO,H  =  CH, .  CHO  -|-  H  .  COOH. 
Luetic  Acid  Acetaldehyde      Formic  Acid. 

Note. — Quite  frequently  aldehydes  occur  among  the  decomposition 
products  of  complex  carbon  compounds,  as  the  result  of  their  oxida- 
tion with  MnO,  and  dilute  sulphuric  acid,  or  by  means  of  a  chromic 
acid  solution. 

Nomenclature  and  Isomerism. — Empirically,  the  aldehydes  are  dis- 
tinguished from  the  alcohols  by  possessing  two  atoms  less  of  hydrogen 
— hence  their  name,  suggested  by  Liebig  (from  Alkohol  dehydroge- 
natus)j  e,  g,,  ethyl  aldehyde,  propyl  aldehyde,  etc.,  etc.  On  account 
of  their  intimate  relationship  to  the  acids,  their  names  are  also 
derived  from  the  latter,  like  acetaldehyde,  propionic  aldehyde,  etc. 

In  the  **  Geneva  nomenclature  **  the  names  of  the  aldehydes  are  formed  from  the 
corresponding  saturated  hydrocarbons  by  the  addition  of  the  suffix  a/;  thus  ethyl-  or 
acetaldehyde  would  be  termed  [ethanal]  (p.  57). 

As  there  is  an  aldehyde  corresponding  to  every  primary  alcohol,  the 
numl)er  of  isomeric  aldehydes  of  definite  carbon  content  equals  the 
number  of  possible  primary  alcohols  having  the  same  carbon  content 
(p.  109).  The  aldehydes  are  isomeric  with  the  ketones,  the  unsatu- 
rated allyl  alcohols,  and  the  anhydrides  of  the  ethylene-glycol  series, 
containing  an  equal  number  of  carbon  atoms,  e.  g.  : 

CH,.  CHj.CHO  isomeric  with  CH,.  CO.  CH,     CH,  =  CHCH,OH    CH,<^ JJ«>0. 
Propionic  Aldehyde  Acetone  Allyl  Alcohol      Trimethylene  Oxide. 

Transformations  of  the  Aldehydes :  A.  Reactions  in  which  the  carbon 
nucleus  of  the  aldehydes  remains  the  same, 

(i)  Aldehydes,  by  oxidation,  yield  monocarboxylic  acids  with  a 
like  carbon  content.     They  are  powerful  reducing  agents : 

CH,C/H  _|_  Q  ^  CH,-C/^". 
'  ^O  ^ 

Their  ready  oxidation  gives  rise  to  important  reactions  serving  for  the  detection 
and  recognition  of  aldehydes.     On  adding  an  aqueous  aldehyde  solution  to  a  weak 
ammoniacal  silver  nitrate  solution,  silver  separates  on  the  sides  of  the  vessel  as  a 
brilliant  mirror.     Alkaline  copper  solutions  are  also  reduced.     A  very  delicate  reac- 
tion of  the  aldehydes  is  their  power  of  imparting  an  intense  violet  color  to  a  fucbsine 
solution  previously  decolorized  by  sulphurous  acid.     The  following  is  more  sensitive : 
Mehyde  and  a  little  sodium  amalgam  to  the  sodium  hydroxide  solution  of 
■^  sulphonic  acid  and  a  violet-red  coloration   is  produced.     (Compare 
,  675.  791,  1848;  15.  1635,  1828;  16.  657;  17.  R.  385.) 
gen  or  air  is  conducted  through  the  hot  solution  of  an  aldehyde  (like 
in  alcoholic  ootash,  an  intense  light-display  is  observed  in  the  dark  ; 
de  derivatives,  and  even  grape  sugar,  deport  themselves  similarly  (B. 
Idehydes  absorb  oxygen  from  the  air.     The  oxygen  in  this  solution,  like 
.berate  iodine  from  a  potassium  iodide  solution  (B.  39,  1454). 
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(2)  Nearly  all  the  aldehydes  are  converted  into  resin  by  the  alkalies; 
some  are  transformed  into  acids  and  alcohols  (this  is  especially  true 
of  the  aromatic  aldehydes),  and  others  into  acids  and  glycols  (see 
these)  by  alcoholic  alkali  solutions : 

■ 

2C4H,.  COH  -I- KOH  =  qH,. CO.  OK  +  C,H,.  CH, .  OH. 
Amy!  Aldehyde  Pot.  Valerate  Amy!  Alcohol. 

The  ease  with  which  the  double  union  of  the  carbon-oxygen  atoms 
is  broken  is  the  cause  of  a  large  number  of  addition  reactions,  which 
are  in  part  followed  by  an  exit  of  water. 

(3)  Aldehydes,  by  the  addition  of*  nascent  hydrogen,  become  pri- 
mary alcohols  J  from  which  they  are  obtained  by  oxidation : 

CHj .  CHO  -h  2H  =  CH, .  CHjOH. 

(4)  Deportment  of  the  aldehydes  toward  water  and  alcohols,  (a) 
Ordinarily,  aldehydes  do  not  combine  (compare  p.  195  ;  CH,(OH),) 
with  water.  The  polyhalide  aldehydes,  e.g.,  chloral,  bromal,  butyl 
chloral  (pp.  197,  198)  do,  however,  have  this  power,  and  yield  feeble 
and  readily  decomposable  hydrates,  representatives  of  diacid  alcohols 
or  glycols,  both  hydroxyl  groups  of  which  are  attached  to  the  same 
carbon  atom : 

Ca,CH<^^  CBr,CH<^[J  CH, .  CHCl .  CC1,CH<^2- 

Chloral  Hydrate  Bromal  Hydrate  Butyl  Chloral  Hydrate. 

Trichlor^ethidene  Glycol 

{b)  It  is  also  only  the  polyhalide  aldehydes,  e.g.,  chloral,  which  unite  with  alco- 
hols, forming  atdehyde-aUoholates  : 

CC1,H<^^^«^«  •  Chloral  Alcoholate. 

(r)  The  ordinary  aldehydes  yield  acetah  with  the  alcohols  at  100®  (p.  200): 

CH, .  CHO  +  2C,H5 .  OH  =  CH, .  CH<^  *  ^«U»  +  H,0. 

Acetal  or  Ethidene-diethyl  Ether. 

(5)  Behcvier  of  the  aldehydes  with  hydrogen  sulphide  and  mercaptans  :  (a)  hydrO' 
gen  nUphide  and  hydrochloric  acid  convert  the  aldehydes  into  trithioaldehydes  :  (b) 
with  the  mercaptans  the  aldehydes  enter  into  an  acetal  synthesis  after  the  addition 
of  hydrochloric  acid  (p.  204). 

(6)  Aldehydes  and  add  anhydrides  unite  to  esters  of  the  diacid  alcohols  or  gly- 
cols, which  are  not  stable  in  an  isolated  condition.  Indeed,  the  aldehydes  may  be 
regarded  as  their  anhydrides  (pp.  188,  189)  : 

CH. .  CHO  +  §5g>0  =  CH. .  CH<g ;  §«.g  • 

Ethidene  Diacetate. 

(7)  Aldehydes  unite  in  a  similar  manner  with  acid  alkaline  sul- 
phites, forming  crystalline  compounds : 

CH, .  CHO  +  SOjHNa  =  CH, .  CH<^ j^^. 
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which  may  be  regarded  as  salts  of  oxysu^konic  adds.  The  aldehydes 
may  be  released  from  these  salts  by  distillation  with  dilute  sulphuric 
acid  or  soda.  This  procedure  permits  of  the  separation  and  purifica- 
tion of  aldehydes  from  other  substances. 

(8)  Behavior  of  aldehydes  with  ammonia,  primary  alkylamines, 
hydroxylamine,  and  phenylhydrazine  (CeHs .  NH .  NH,).  {a)  They 
unite  directly  with  ammonia  to  form  crystalline  compounds,  called 
aldehyde-ammonias.  These  are  readily  soluble  in  water  but  not  in 
ether,  hence  ammonia  gas  will  precipitate  them  in  crystalline  form 
from  the  ethereal  solution  of  the  aldehydes.  They  are  rather  unstable, 
and  dilute  acids  again  resolve  them  into  their  components.  Pyridine 
bases  are  produced  when  the  aldehyde-ammonias  are  heated. 

{h)  Aldehydes  and  primary  amines  combine,  with  the  exit  of  water, 
to  form  aldehyde-imides  (p.  i6i). 

{/)  By  an  exit  of  water  the  aldehydes  unite  with  hydroxylcunine  to 
form  the  so-called  aldoximes  (V.  Meyer,  B.  15,  2778). 

It  is  very  evident  that  at  first,  in  these  cases,  there  is  formed  an 
unstable  intermediate  product  (compare  chloral  hydroxy lamine,  p. 
206)  corresponding  to  aldehyde-ammonia: 

CH,C^       ^"'^"      >    (CH,.C^H       )        ""'^       >   CH,.CH:NOH. 

{d)  The  aldehydes  deport  themselves  similarly  with  phenylhydrazine; 
water  separates  and  hydrazones  (E.  Fischer)  result : 

CH, .  CHO -h  H,N .  HN .  C^Hj  =  CH, .  CH :  N.  NH .  C;,Hj  +  H,0. 

These  serve  admirably  for  the  detection  and  characterization  of  the 
aldehydes.  The  aldoximes  and  hydrazones,  when  boiled  with  acids, 
absorb  water  and  revert  to  their  parent  substances.  They  yield  pri- 
mary amines  when  reduced  (p.  161). 

{e)  The  aldehydes  also  unite  with  p-amido- dimethyl  aniline  (6.  17,  2939),  with 
the  amido-phenols  and  other  aromatic  bases  (Schiff,  B.  25,  2020). 

^9)  Compounds  are  formed  by  the  action  of  phosphorus  trichloride  upon  aldehydes, 
which  are  converted  by  water  into  oxyalkyl-phosphinic  acids^  e,  g.^  CHj.  CH(OH)- 
PO(OH),  (B.  18,  R.  III). 

(10)  Phosphorus  pentachloride  and  phosphorus  trichlor-dibromide 
replace  the  aldehyde  oxygen  by  chlorine  or  bromine  and  yield  dichlo- 
rides  and  dibromides,  in  which  the  two  halogen  atoms  are  linked  to  a 
terminal  carbon  atom  (p.  102): 

CH, .  CHO  4-  PClg  =  CHjCHO,  -f-  POa,. 

(11)  The  hydrogen  atoms  of  the  alkyl  groups  of  the  aldehydes  may 
be  replaced  by  chlorine  and  bromine,  as  well  as  by  iodine  and  iodic 
acid. 

(12)  The  lower  members  of  the  homologous  series  of  the  aldehydi 
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polymerize  very  readily.  The  polymerization  of  the  aldehydes  and  thio- 
aldehydes  depends  upon  the  union  of  several  aldehyde  radicals,  CH,.- 
CH^,  through  the  oxygen  or  sulphur  atoms  (A.  203,  44).  This  phe- 
nomenon will  be  fully  treated  under  formaldehyde  and  acetaldehyde 
(p.  194). 

B.  Nucleus  synthetic  Reactions  of  the  Aldehydes,  (i)  Aldol  Conden- 
sations,— Two  (or  more)  aldehyde  molecules  may  unite,  under  proper 
conditions,  by  means  of  carbon  linkings.  Thus,  aldehyde  alcohols 
are  formed  from  acetaldehyde :  AldoHy^'^xXz)  or  j^-oxybutyraldehyde, 
CH, .  CHOH .  CH, .  CHO  (see  this). 

Similarly,  aldehyde  or  chloral  and  acetone  (p.  213),  aldehyde  and  malonic  ester, 
unite  with  one  another.  But  almost  invariably  the  resulting  oxy-derivatiTes  split  off 
water  and  pass  inio  unsaturated  bodies:  aldol  into  crotonaldehyde^  CH.CH  = 
CH .  CHO. 

These  are  nucleas-syntheses  and  are  often  termed  condensation  reactions.  The 
reagents  suitable  for  the  production  of  such  reactions  are  mineral  acids,  zinc  chloride, 
causlic  alkalies,  a  sodium  acetate  solution,  etc.  Condensation  reactions,  in  which  an 
aliphatic  aldehyde  plays  the  rdle  of  one  of  the  component  or  parent  substances,  will 
be  frequently  encountered.  A  reaction  discovered  by  Perkin,  Sr.,  when  working  with 
aromatic  aldehydes,  has  been  employed  quite  frequently  to  unite  aldehydes  and  acetic 
acid,  as  well  as  mono-alkyl  acetic  acids,  in  such  a  manner  that  the  products  are 
unsaturated  monocarboxylic  acids  (see  nonylenic  acid).  The  aldehydes  unite  in 
like  manner  with  succinic  acid,  forming  y-Iactone  carboxylic  acids — the  paraconic 
acids  (see  these). 

(2)  Aldehydes  can  also  unite  with  zinc  alkyls.  This  union  is 
accompanied  by  the  breaking  down  of  the  double  union  between 
carbon  and  oxygen.  The  action  of  water  on  the  addition  product 
produces  a  secondary  alcohol  (p.  114).  Olefine  alcohols  result  by  the 
use  of  allyl  iodide  and  zinc  (p.  131). 

(3tf)  Aldehydes  also  combine  with  hydrogen  cyanide,  yielding  oxy- 
cyanides  or  cyanhydrins — the  nitriles  of  a  oxy-acids  (see  these),  which 
will  be  discussed  after  the  a-oxy-acids,  and  which  can  be  obtained 
from  them  by  means  of  hydrochloric  acid : 

.CN     HP,  .CO.H 

CH, .  CHO  +  CNH  =  CH, .  CHC        -t^tt^  CH, .  CH^ 

^OH     '"^^       Lactic  Acid.\0H 

ifi)  Aldehydes  and  ammonium  cyanide  combine ;  water  separates,  and  the  nitriles 

NH 
0f  a-amido-acids^  e.  g ,  CH, .  CH<^^^  *,  result.    When  treated  with  hydrocjiloric  acid 

they  yield  amido-acids  (see  these).  The  same  amido-nitrilts  are  produced  by  the 
action  of  CNH  upon  the  aldehyde  ammonias,  and  from  the  oxy-cyanides  and  ammo- 
nia. Cyanides  of  a-anilido-  and  a-phenyl  hydrazido-acids  are  formed  by  the  addi- 
tion of  pnissic  acid  to  the  oHphoHc  aldehyde-anilines  and  aldehydepkenylhydrazones 
(B.  25,  2020). 

Formic  Aldehyde,  Methyl  Aldehyde  [Methanal]  H.C^,  was  dis- 
covered by  A.  W.  Hofmann,  and  was  until  recently  only  known  in  aque- 
ous solution  and  in  vapor  form.  It  may,  as  was  shown  by  Kekul6,  be 
condensed  by  strong  cooling  to  a  colorless  liquid,  boiling  at — 21®, 
and  having  at  — 80®  the  sp.  gr.  0.9172 ;  at  — 20°,  the  sp.  gr.  0.8153. 
17 
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Liquid  formaldehyde  changes  slowly  at  — 20®,  rapidly  at  the  ordi- 
nary terai>erature,  with  a  snapping  noise,  into  trioxymethyUne  (CH,0)s 
(B.  25,  2435).  ^^^^  ix)lymeric  modification  was  known  before  the 
simple  formaldehyde.  It  resolves  itself  into  the  latter  on  the  applica- 
tion of  heat.  Formaldehyde  possesses  a  sharp,  penetrating  odor,  and 
destroys  bacteria  of  the  most  varied  sort.  It  is  applied  under  the  name 
o^  formaline i  either  in  solution  or  as  a  gas,  for  disinfecting  purpK)ses 
(B.  27,  R.  757,  803;  28,  R.  938;  29,  R.  178,  288,  426). 

Mfihods  of  Formation, — (i)  It  is  produced  if  the  vapors  of  methyl 
alcohol,  mixed  with  air,  are  conducted  over  an  ignited  platinum  spiral 
or  ignited  copper  gauze  (J.  pr.  Ch.  33,  321;  B.  ig,  2133;  20, 
144;  A.  243,  335).  Lamps  have  been  constructed  for  the  production 
of  formaldehyde.  Methyl  alcohol  is  oxidized  in  them  in  the  presence 
of  a  platinum  wire  gauze.  Compare  B.  28,  261.  (2)  When  chlorine 
and  bromine  act  upon  methyl  alcohol,  formic  aldehyde  is  produced  (B. 
26,  268),'  and  is  converted  by  them  in  sunlight  into*haloid  acids  and 
carbon  dioxide  (B.  29,  R.  88).  (3)  It  also  arises  in  small  quantity  in 
the  distillation  of  calcium  formate,  (4)  By  the  digestion  of  methyial, 
CH,(OCH,),  (p.  200)  with  sulphuric  acid  (B.  19,  1841). 

Mercklin  and  L5sekannp  in  Seeize,  near  Hannover,  manufacture  formaldehyde  tech- 
nically from  methyl  alcohol  by  a  method  not  well  known,  and  offer  its  40  per  cent, 
solution  to  trade,  together  with  numerous  other  derivatives  of  formaldehyde.  The 
quantity  of  formic  aldehyde  is  determined  by  its  conversion  into  hexamethyleneamine, 
(Cn,)gN^  (B.  16,  1333;  aa,  1565,  1929;  26,  R.  415).  In  the  presence  of  lime 
formaldehyde  condenses  to  a-acrose  or  (d  -{- 1)  fructose  (see  this).  It  yields  penta- 
erythrite  C(CH,OHJ^  (see  this)  (B.  a6,  R.  713)  with  aceUldehyde.  Formic  alde- 
hyde condenses  in  liice  manner  with  ketone-like  bodies. 

In  the  various  reactions  of  formaldehyde  its  oxygen  unites  with  two  hydrogen 
atoms  of  the  reacting  body  to  yield  water.  It  is  immaterial  whether  the  hydrogen  is 
in  union  with  carbon,  nitrogen,  or  oxygen.  The  products  are  diphenylmethane  deriv- 
atives, methylene  aniline,  and  formals  of  polyhydric  alcohols  (A.  389,  20). 

Polymeric  Modifications  of  Formaldehyde. — ^The  concentrated  aqueous  solntion  of 

OH 
formic  acid  not  only  contains  volatile  CH,0,  but  also  the  hydrate  CH,<QT*t>-'*» 

hypothetical  methylene  glycol,  and  non-volatile  polyhydrates,  ^.  ^.,  (CH.),0(OH)|, 
corresponding  to  polyethylene  glycols.  Therefore  the  determinations  of  tne  molecu- 
lar weight  of  the  solution,  by  the  method  of  Raoult,  have  yielded  different  values  (B. 
ax,  3503 ;  22, 472).  On  complete  evaporation  of  the  solution  the  hydrates  condense 
to  the  solid  anhydride  (CH,0)j,,  paraformaldehyde,  possibly  diformaldehyde^  (CH,0),. 

Triozy methylene,  (CII^OJj,  or  Metaformaldchyde,  is  distinguished  from  tne 
so-called  paraformaldehyde,  whose  simplicity  has  not  yet  been  established,  by  its  insolu- 
bility in  water,  alcohol,  and  ether.  It  is  obtained  by  the  action  of  silver  oxide  npon 
methene  di  iodide,  or  by  heating  methene  di-acetyl  ester  with  water,  to  100^ ;  by  dis 
tilling  glycollic  acid  with  a  little  concentrated  sulphuric  acid,  and  by  the  concentntion 
uf  formic  aldehyde  (see  above).  It  is  a  white,  indistinctly  crystalline  mass.  It  melts 
at  171^.  The  vapors  have  the  formula  CH^O,  which  corresponds  to  their  density. 
When  cooled  they  again  condense  to  the  trimolecular  form.  When  it  is  heated  with 
water  to  130^  it  changes  to  the  simple  molecule  CH^O,  but  by  prolonged  heating 
carl»on  dioxide  and  methyl  alcohol  are  produced  (H.  29,  R.  688). 

When  dry  trioxymethylene  is  heated  with  a  trace  of  sulphuric  acid  to  115^  in  a 
sealed  tube  it  is  changed  into  the  isomeric  Trioxymethylefie ^  K^^fi)%^  crystallizing 
in  long  needles  and  melting  at  60-61°  (B.  17,  R.  567). 

The  |X)lymeric  modifications  of  formaldehyde  have  not  yet  been  as  successfully 
Itndied  as  the  jwlymcric  acetaldehydes. 
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Acctaldchydc,C,H40  =  CH,.  CHO,  Ethylidene  O^iV/^r  [Ethanal], 
is  formed  according  to  the  usual  methods:  (i)  From  ethyl  alcohol; 
(2)  from  calcium  acetate ;  (3)  from  acetyl  chloride  or  acetic  anhydride ; 

4)  from  ethylidene  chloride;  (5)  from  acetal  and  ethidene  diacetate; 

6)  from  lactic  acid,  and  (7)  from  sodium  nitroethane.  It  occurs  in 
the  first  runnings  in  the  rectification  of  spirit,  and  is  made,  too,  in  the 
oxidation  of  alcohol  in  running  over  wood  charcoal  (p.  1 23). 

History. — In  1 774  Scheele  noticed  that  aldehyde  was  formed  when  alcohol  was 
oxidized  with  manganese  dioxide  and  sulphuric  acid.  Ddbereiner,  however,  was 
the  first  person  to  isolate  the  aldehyde  in  the  form  of  aldehyde-ammonia,  which  he 
,:ave  for  investigation  to  Liebig,  who  then  established  the  composition  of  aldehyde 
and  showed  its  relation  to  alcohol.  It  was  Liebig  who  introduced  the  name 
<<4/(cobol)-^Ay^(e)(it^enatus)  into  chemical  science  (A.  14,  133;  aa,  273;  as, 
17).  Ordinary  aldehyde  readily  polymerizes  to  liquid  paraidehyde^  and  solid  metal- 
dekyde,  Fehling  first  observed  the  former,  and  Liebig  the  latter.  Kekuli  and 
Zincke  determined  th(  conditions  of  formation  for  the  aldehyde  ^modifications  and 
cleared  up  the  somewhat  confused  reaction  relations  (A.  iCa,  125). 

Preparation, — ^Poor  12  parts  H,0  over  3  parts  KjCr^O,  (B.  ay,  R.  471),  and  then 
gradnally  add,  taking  care  to  have  the  solution  cooled,  a  mixture  of  4  parts  con- 
centimted  H1SO4  *°^  3  P*"^  alcohol  (90  per  cent.).  The  escaping  aldehyde  vapors 
are  conducted  into  ether,  and  this  solution  saturated  with  dry  NH,,  when  the 
aldehyde-ammonia  will  separate  in  a  crystalline  form.  Pure  aldehyde  may  be 
obtained  from  this  by  distilling  it  together  with  dilute  sulphuric  acid.  The  aldehyde 
▼apors  are  freed  from  moisture  by  conducting  them  over  dehydrated  calcium  chloride. 

Acetaldehyde  is  a  mobile,  peculiar- smelling  liquid.  It  boils  at  20.8^, 
and  has  asp.  gr.  of  0.8009  at  o^.  It  is  miscible  in  all  proportions 
with  water,  ether  and  alcohol.  It  is  prepared  technically  in  order  to 
obtain  paraldehyde  and  quinaldine  (see  this). 

Polymeric  Aldehydes. — Small  quantities  of  acids  (HCl,  SO,)  or  salts  (espe- 
cially ZnCL,  CH,CO,Na^  convert  aldehyde  at  ordinary  temperatures  into  paralde- 
hyde, (CLH4O), ;  the  change  (accomplished  by  evolution  of  heat  and  contraction) 
IS  particularly  n4Md,  if  a  few  drops  of  sulphuric  acid  be  added  to  the  aldehyde. 
Paraldehyde  is  a  colorless  liquid  boiling  at  124^,  and  of  sp.  gr.  0.9943  at  20®.  It 
dissolves  in  about  12  vols.  H,0,  and  is,  indeed,  more  soluble  in  the  cold  than  in  the 
warm  liquid.  This  behavior  would  point  to  the  formation  of  a  hydrate.  The  vapor 
density  agrees  with  the  formula  C,Hj,0,.  Paraldehyde  is  applied  in  medicine  as 
a  sleep-prodncer.    When  distilled  with  sulphuric  acid  ordinary  aldehyde  is  generated. 

Metaldehjrde,  (CsH^O)^,  is  produced  by  the  same  reagents  (see  above)  acting  on 
ordinary  aldehyde  at  temperatures  below oP.  It  is  a  white  crystalline  body,  insoluble 
in  water,  but  readily  dissolved  by  hot  alcohol  and  ether.  If  heated  to  112^-115°  it 
soblimes  without  previously  melting,  and  passes  into  ordinary  aldehyde  with  only 
slight  decomposition.  When  heated  in  a  sealed  tube  the  change  is  complete.  Ex- 
posed for  several  days  to  a  temperature  varying  from  60^-65°,  metaldehyde  passes 
into  aldehyde  and  paraldehyde  (B.  a6,  R.  775). 

The  vapor  density  and  the  lowering  of  the  freezing  point,  in  a 
phenol  solution,  indicate  that  the  two  aldehyde  modifications  possess 
the  formula  (C,H40)i(B.  27„R.  306).  Chemical  behavior,  refractive 
power  (p.  65),  and  specific  volume  favor  the  single  linkage  of  oxygen 
and  carbon  ;  that,  therefore,  the  three  oxygen  atoms  unite  the  three 
ethylidene  groups  to  a  ring  of  six  members : 

CH,.CH<g::^JJ}^»j>0  (B.  24.  650;  as.  3316;  a6,  R.  185). 
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They  may  be  considered  cyclic  ethers  of  ethidene  glycol,  whose 
anhydride  is  acetaldehyde.  Paraldehyde  and  metaldehyde  appear  to 
be  structurally  identical.  Compare  the  polymeric  thialdehydes  (p.  202) 
for  the  possibility  of  explaining  their  differences  by  stereochemical 
relations. 

Behavior  of  AcHaUUhyde  (ParaUUhyde  and  Metaldehyde),  (l)  In  the  air  acetal- 
dehyde slowly  oxidizes  to  acetic  acid.  It  throws  out  a  siWer  mirror  from  an  ammo- 
niaol  silver  nitrate  solution.  Paraldehyde  and  metaldehyde  do  not  reduce  ulver 
solutions.  (2)  Alkalies  convert  acetaldehyde  into  aldehyde  resin.  (3)  It  is  changed 
to  ethyl  alcohol  by  nascent  hydrogen.  (4)  Aldehyde  unites  with  alcohol  to  form 
aretal  {p.  20o).  (5)  Hydrogen  sulphide  converts  it  into  thioaldehyde  (p.  202),  and 
with  mercaptans  it  forms  mercaptaU  (p.  202).  (6)  Acetic  anhydride  changes  it  to 
ethidene  diacetate  (p.  202).  (7)  On  shaking  aldehyde  with  a  very  concentrated  solu- 
tion of  an  alkaline  bisulphite  crystalline  compounds  separate,  e.g,^  potassium  oxyethi- 
dene  sulphtmate^  CH,  .CH(OH|SO,K,  which  are  resolved  into  their  components 
when  treated  with  *acids  (p.  204) : 

CH, .  CHO  -h  SOjHK  =  CH, .  CH<^^ 

CH, .  CH<^^^  -I-  Ha  =  CH, .  CHO  +  SO,  +  H,0  +  KQ. 

Paraldehyde  and  metaldehyde  do  not  onite  with  the  bisulphites  of  the  alkalies. 
(8)  Acetaldehyde  reacts  with  ammonia,  hydroxylamine,  and  phenylbydraziiie,  while 
paraldehyde  and  metaldehyde  fail  to  do  so.  (9)  Phosphorus  pentachloride  converts 
acetaldehyde,  paraldehyde  and  metaldehyde  into  ethidene  chloride  (p.  201). 

For  the  condensation  of  aldehyde  to  aldol,  crotonaldehyde  and  other  compounds 
see  p.  193. 

Aldehyde  combines  with  hydrocyanic  acid,  the  product  being  the  nitrile  of  the 
lactic  acid  of  fermentation,  which  may  be  synthesized  in  this  manner. 

The  homologues  of  formic  and  acetaldehydes  are  prepared  either  (i)  by  the 
oxidation  of  the  corresponding  primary  alcohols,  or  (2)  by  the  distillation  of  the 
calcium  or  l)arium  salts  of  the  corresponding  fatty  acids,  mixed  with  calcium  or 
barium  formate : 


Name. 


Propyl  Aldehyde  [  Propanal],     .... 

n-Butyraldebyde  [Hutanal], 

Isobutjrraldehyde  [Methyl  Propanal],  . 

n-Valeraldehyde  [Pentanal], 

Isovaleraldehyde  [2-Methyrbutanal  (4)], 

Methyl-ethyl  Acetaldehyde, 

Trimethyl  Acetaldehyde  (B.  24,  R.  898), 

n-Capric  Aldehyde, 

Methyl-n-propyl  Acetaldehyde,  .... 

Isobutyl  Acetaldehyde, 

CEnanthyl  Aldehyde,  CEnanthol,    . 

Capric  Aldehyde,     C,qH„0 

Laurie  Aldehyde,    C,,H,^0, 

Mvristic  Aldehyde,  C,^H„0, 

-  Aldehyde,  C,jH„0, 

Idehyde,    C,gH,^0, 


Formula. 


CH, .  CH, .  CHO 

(CH,).(CH,),.CH0 

(CH,),Cli.CHO 

(CH,)(CH,),CH0 

C,H,CHO 

CjH,CHO 

(CH,),C .  CHO 

Cit .  [CH,],CHO 

CsHijCHO 

CH, 
CHi 

CH,pH,J,CHO 
^,,  »—  •«  CHO 


CH, 


CH, 


CH,[CH,'  ,,CHO 
CH,[CH,]„CHO 


11 


Boiling 

M    P 

Point.y 

IV.  a  . 

^J 

— 

49** 

— 

75** 

— 

6i*> 

— 

103* 

— 

92® 

— 

9l« 

— 

74** 

— 

I28*> 

— - 

Ii6« 

^^^ 

121** 

^"^ 

I55<» 

— 

{106O) 

445' 

(I420) 

SJ.5' 

(168^) 

585° 

(I92«) 

63- S" 

(2I2*») 

TRICHLORACBTALDEHYDE. 
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The  enclosed  boiling  points  were  determined  ander  diminished  pressure.  In  the 
case  of  cftpric  aldehyde  the  pressure  was  15  mm. ;  with  all  the  rest  it  was  22  mm. 

Propyl  aldehyde^  by  the  action  of  hydrochloric  acid,  yields  both  parapropyl  alde- 
hyde, boiling  at  169°,  and  metapropyl  aldehyde,  melting  at  I  So®.  They  have  the 
molecular  formula  (C,H^O)|  (B.  lA^  R.  469). 

CEnanthylic  Aldehyde,  CEnanthol  {fitvoq^  wine),  is  very  readily  prepared.  It  is 
formed  together  with  undecylenic  acid  when  the  acid  of  castor  oil  is  distilled  nnder 
diminished  pressure : 

<1,H3,0,  =  CoH.,. CO,H  +  CH, .  [CHJ^CHO. 
Ricinoleic  Uooecylenfc  CEnanthol. 

Acid  Acid 


I.  HALOGEN  SUBSTITUTION  PRODUCTS  OP  THE  LIMIT  ALDEHYDES. 

Chloral,  Trichloracetaldehyde,  is  the  most  important  halogen 
substitution  product  of  aldehyde.  For  this  reason  it  will  receive  ^rst 
attention. 

Trichloracetaldehyde»  Chloral,  CCl,.  CHO,  was  discovered  in 
1832  by  Liebig  while  engaged  in  studyingircthe  action  of  chlorine 
upon  alcohol  (A.  i,  182). 

Fritsch  considers  that  chlorine  acts  upon  alcohol  to  produce  at  first  monochlor- 
alccAol  or  aldehyde  chlorbydrin  (l).  Alcohol  and  hydrochloric  acid  convert  this, 
through  the  aldehyde  alcoholate,  into  acetal.  Obviously  aceul  is  chlorinated  too 
easily  to  mono-  and  dichloracetal  (ll  and  III).  These  two  compounds,  under  the  in- 
fluence of  hydrochloric  acid,  pass  into  dichlor-  and  trichlor- ether  (iv  and  v).  Water 
changes  the  latter  to  dichloracetaldehyde  alcoholate  (vi),  which  is  converted  by 
chlorine  into  chloral  alcoholate.  Sulphuric  acid  decomposes  the  latter  into  alcohol 
and  chloral  (viii)  (A.  279, 288  ;  compare  also  the  chlorination  of  isobutyl  alcohol, 

B.  97*  ^  S^)- 

I 


CHg.CHjOH 


CI. 


>  CH, .  CH<2j^ 


{CH,CH<g^^») 


II 


IV 


(CH, .  CH<2  •  &JJ*)  ^^  CHjCl .  CH<^ ;  ^^  — >  CH,a .  CH<^j*  ^«^» 


III 


CHCl,.CH<g;^«J{»  ^^  CHCl,CH<gj^"i 


VI  VII 


VIII 
->  CCl,. CHO 


CkhraZ  hydrate ^dUhleracetic  ester ^  trichlor  ethyl  alcohol  (B.  26,2756),  and  ethylene 
wtomochlorhydrin  are  by-products  in  the  manufacture  of  chloral.  (Private  com- 
mnnicatioii  from  Anschflti  and  Stiepel.) 
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Chloral  is  an  oily,  pungent-smelling  liquid,  which  boils  at  97°  and 
has  the  sp.  gr.  1.541  at  o^.  When  kept  for  some  time  it  passes  into  a 
solid  polymeride. 

Chloral  shows  greater  tendency  than  acetalddiyde  to  sever  its  donble  linkage, 
between  caitxm  and  oxygen,  and  to  enter  addition- reactions.  Like  acetaldehyde  it 
not  only  combines  with  acetic  anhydride,  the  alkaline  bisalphites,  ammonia  and 
hydrocyanic  add,  but  also  with  water,  alcohol,  hydroxylamine,  formamide—four 
substances  with  which  acetaldehyde  is  incapable  of  nniting. 

The  following  reactions  of  chloral  shoold  also  be  observed :  (l)  The  alkalies  break 
it  down  into  ckUre/orm  and  alkali  formates ;  (2)  fmning  salpharic  acid  condenses  it 
to  (klt^raiide  (see  this),  tridilorlactic-trichlorethidene  ether  ester;  (3)  potassium 
cyanide  changes  it  to  didiloracetic  ethyl  ester  (see  this) : 

(1)  COjCHO  +  KOH  =  HC. a,  +  H  CO,K 

^^^  ^CH    CC1». 

(2)  SCO, .  CHO  (S0,^S04H,)^  WX\  +  COjCHO^       *      * 

Chloralide. 

Chloral  Hydrate,  Trichlorethidau  Glycol,  ca,.CH<3^>  results 

from  the  union  of  chloral  with  water.  It  is  technically  prepared  on 
a  very  large  scale.  It  consists  of  large  monoclinic  prisms,  fusing  at 
57^  and  distilling  at  96-98^.  The  vapors  dissociate  into  chloral  and 
water.  Chloral  hydrate  dissolves  readily  in  water,  possesses  a  peculiar 
odor  and  a  sharp,  biting  taste;  when  taken  internally  it  produces 
sleep,  which  fact  was  discovered  in  1869  hy  Liebreich  (B.  a,  269). 
It  occurs  in  urine  as  urochloralic  acid  (see  this).  Concentrated 
sulphuric  acid  resolves  the  hydrate  into  water  and  chloral.  It  reduces 
ammoniacal  silver  solutions  and  when  oxidized  with  nitric  acid  yields 
trichloracetic  acid. 

In  chloral  hydrate  we  encounter  the  first  example  of  a  body  which,  contrary  to 
the  rale,  contains  two  hydroxyl  groups  attached  to  the  same  carbon  atom,  without 
having  the  immediate  spontaneous  exit  of  water. 

Chloral  AUoholate,  CO,.  CH<q^"»,  melting  at  65*  and  bdling  at  114-I15*', 

is  the  chief  product  in  the  action  of  chlorine  upon  alcohol  (p.  197).  It  is  also  pro- 
duced when  chloral  and  chloral  hydrate  are  treated  with  alcohol.  When  brought  in 
contact  with  water  it  gradually  reverts  to  chloral  hydrate  (B.  tA^  R.  1013). 

Chloral  Ethyl  Acetate^  OGl, .  CH<q  *  ^5*H  '   ^'*""«  •*  '9^»  ■*  obtained  by 

the  action  of  acetyl  chloride  on  the  alcoholate. 

Other  Halogen  Substitution  Products  of  Acetaldehyde, — Dichloracetatdehyde ^  bcHl- 
ing  at  88-90°,  results  from  the  action  of  concentrated  HJSO4  upon  dichloracetal^ 
CHCl,.  CH(OC,H5),.  Dichloracetaldehyde  Hydrate,  CHO,.  CHfOH),,  melts  at 
570  and  boils  ai  I20*>.  Monochloracetaldehyde  boils  at  85®.  It  is  formed  when 
m0nochloracet.fi  (p.  200)  is  distilled  with  anhydrous  oxalic  add.  It  polymerises 
very  readily  (B.  15,  2245). 

Tribromaldehyde,  Bromal,  C Br,.  CHO,  is  perfectly  analogous  to  chloral.  It 
boils  at  172-173°.  Heated  with  alkalies  bromal  breaks  up  into  brorooform,  CHBr,, 
and  a  formate.     The  alcoholate  melts  at  44°  and  decomposes  at  loo*^. 

^al  Hydrate,  Tribromethidene  Glycol,  CBr,CH(OH),,  melts  at  $3®. 
'  Alcoholate.  CBr,CH(OH)(0  .  CjHjj),  melts  at  44° 
icetaldehyde,  obtained  by  the  bromination  of  paraldehyde,  boils  at  142^. 
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Bromacetaldehyde  boils  between  80^  and  105^,  and  is  produced,  like  mono- 
chloracetaldehyde,  from  monobramacetai. 

lodo-acetaldehyde,  CH,I .  CHO,  is  made  by  acting  on  aldehyde  with  iodine 
or  iodic  add.     It  is  an  oily  liquid,  which  decomposes  at  &>^  (B.  aa,  R.  561). 

The  reladoDs  of  the  three  chlor-  (or  brom-)  acetaldehydes  to  the 
oxygen  derivatives,  whose  chlorides  they  may  be  considered,  are 
manifest  in  the  following  arrangement  (p.  193) : 

CH,C1 .  CHO.  Chloracetaldehyde  CH,(OH) .  CHO,  Glycolylaldehyde 

CHCl, .  CHO,  Dichloracetaldehyde  CHO .  CHO,  Glyoxal 

CO, .  CHO,  Trichloracetaldehyde.  CO,H  .  CHO,  Glyoxylic  acid. 

Higher  Chlorine  SubsHiution  Products  of  the  Aldehydes  : 

/3-Chlorpropionic  Aldehyde,  CH,C1 .  CH, .  CHO,  from  acrolein^  CH,  =  CH .  • 
CHO,  and  hydrochloric  acid,  melts  at  35°. 

/S-Chlorbutjrraldehyde,  CH, .  CHCl .  CH, .  CHO,  is  produced  from  crotonalde- 
hyde,  CH, .  CH  :  CH .  CHO,  by  the  addition  of  HO,  and  fuses  at  96".  Nitric  add 
oxidixes  it  to  /3-chlorbutyric  add. 

aa/3Trichlorbutyraldehyde,  CH, .  CHCl .  CCl, .  CHO,  butylchloral,  boils  at 
163-165^  (compare  acetamide). 

Butylchloral  Hydrate,  CHjCHQ .  CCl, .  CH(OH)„  melu  at  78^,  and  is 
formed  from  a-chlorcrotonaldehyde  and  CI,.  Alkalies  decompose  it  into  formic  acid^ 
potassium  chloride,  and  dichloffropylene,  CH, .  CCl :  CHCl.  When  taken  into  the 
system  it  appears  in  the  urine  as  urofmtyrchloralic  acid  (see  this),  and  is  converted, 
by  nitric  acid,  into  trichlorbutyric  acid. 

The  relations  of  these  three  chlorinated  aldehydes  to  the  unsaturated  aldehydes, 
from  which  they  are  formed  by  the  addition  of  HCl  or  CI,,  and  to  the  acids  which 
they  yield  on  oxidation,  are  shown  in  the  following  table : 

CH,=CH.CHO   ^^^     CH,Cl.CH,.CHO    ^^">      CH,a.CH,.CO,H 
Acrolein  ^-Chlorpropionic  Aldehyde  ^-Chlo^propionic  Acid 

CH..CH  =  CH.CHO   ^^^  CHvCHCl.CHjCHO >- CH,.CHCl.CH,.CO,H 

Crotonaldehyde  ^^blorbatyraldebyde  /l^lhlorbatyric  Acid 

CH,.CH=CC1.CH0   ^^  CH,.CHC1.CC1,.CH0   >- CH,. CHCl. CCl,. CO,H 

•-ChlorcTOtonaldehydc  Butylchloral  TrichlorbutjTic  Acid. 


1.  ETHERS  AND  ESTERS  OP  METHYLENE  AND  ETHIDENE  GLYCOLS. 

In  the  introduction  to  the  aldehydes  (p.  188)  it  was  explained  that  these  bodies 
could  be  regarded  as  anhydrides  (see  chloral  hydrate,  p.  198)  of  glycols^  only 
capable  of  existing  in  exceptional  cases.  In  the  latter  the  two  hydroxyl  groups  were 
linked  to  the  same  terminal  carbon  atom.  Stable  ethers  and  esters  of  these  hypo- 
thetical glycols  are,  however,  known. 

These  hypothetical  glycols  might  also  be  designated  orthoaldehydes,  because 
they  bear  Uie  same  relation  to  the  aldehydes  that  the  hypothetical  orthocaibonic 
adds  sustain  to  the  carboxylic  acids : 

OH  /^^  /O" 

CH,<g«  CH.O  CH^H  Ch/^ 

Orthoformaldehyde      Formaldehyde         Orthoformic  Acid  Formic  Acid. 

Basic  and  neutral  mono-  and  dialkyl-ethers  may  be  obtained  from  a  dihydric 
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alcohol.     The  only  mono-ether  to  be  noticed  in  this  connection  is  ckhnU  aicpkclate, 
which  was  mentioned  under  chloral  hydrate : 

cci,CH<g||         ca,cH<g§"»         ca,CH<g^U«. 

Chloral  Hydrate  Chloral  Alcoholate  Trichloracetal. 

Alcohols  not  highly  substituted  by  halogens  are  as  little  able  to  combine  with  a 
molecule  of  alcohol  as  with  water.  The  dUlkyl  ethers  are  named  acetaU^  from  their 
best-known  representative.  They  are  isomeric  with  the  ethers  of  the  corresponding 
trueglycoby  whose  OH-groups  are  attached  to  different  carbon  atoms: 

yO .  C,H.  CH- .  O .  C,H. 

ch,.ch/     ^  *  I 

^O.CjHj  CHj.O.CjH, 

AceUl  Glycol  Diethyl  Ether. 

The  polymeric  aldehyde  modifications,  described  under  the  aldehydes,  shoold  also 
be  viewed  as  ether-like  derivatives  of  the  glycols,  the  anhydrides  of  which  are  the 
aldehydes. 

A.  Acetals  are  produced  (i)  when  alcohob  are  oxidized  with  MnO,  and  H^SO^. 
The  aldehyde  formed  at  first  unites  with  alcohol  with  the  simultaneous  separation  of 
water: 

3CH,.CH,0H >-  CH,CH(0.C,H5), +  2H,0. 

(2)  When  aldehydes  are  heated  with  the  alcohols  alone  to  100^ ;  and  from  tri- 
oxymethylene  and  alcohols  on  the  addition  of  ferric  chloride  (1-4  per  cent.)  (B.  27, 
R.  506). 

(3)  ^y  ^^^  action  of  gaseous  HG  upon  a  mixture  of  alcohol  and  aldehyde,  chlor- 
hydrin  (see  ethylene  glycol)  being  the  first  product : 

CH,CHO+C,HjOH  ?i^CH,CH<^^"»  CjH»OH^  CH,.CH<%2HHa. 

(4)  By  the  action  of  alcoholates  upon  the  corresponding  chlorides,  bromides  and 
iodides. 

On  heating  the  acetals  with  alcohols,  the  higher  alkyls  are  replaced  by  the  lower 
(A.  225,  265).  When  the  acetals  are  digested  with  aqueous  hydrogen  chloride  they 
are  resolved  into  their  constituents.  They  dissolve  readily  in  alcohol  and  in  ether,  hot 
with  difficulty  in  water. 

Methylal,  Methylene-dimethyl  Ether,  Formal,  CH,(OCH,)„  boils  at  42°  and 
has  the  sp.  gr.  0.855.  '^  i^  *^  excellent  solvent  for  many  carbon  compounds. 
Methylene-dimethyl  Ether,  CH,(OC,Hg)„  boils  at  89°.  For  the  higher  methylab 
see  B.  20,  R.  553 ;  27.  R.  507. 

Ethidene-dimethyl  Ether,  Dimethyl  Acetal,  CH,CH(OCH,)„  boils  at  64°. 
Acetaly  ethidene-diethyl  ether,  CH,CH(0C,Il5)„  boils  at  I04<>.  Its  sp.  gr.  is  O.8314 
at  20°.  It  is  produced  in  the  process  of  brandy  distillation.  It  is  quite  stable 
towards  the  alkalies,  while  dilute  acids  readily  break  it  down  into  aldehyde  and 
alcohol  (B.  16,  512). 

Chlorine  acting  upon  acetal  produces — 

(1)  Monochloracetal.  CII,C1 .  CH(0 .  CjHj),.  boiling  at  I57<>  (B.  24,  i6i).  It 
also  results  from  Dichlor- ether,  CH,C1 .  CHCl .  OCjH^,  and  alcohol  or  sodiom  cdiyl- 
ate  (B.  21,  617). 

(2)  Dichloracetal,  CHQ,.  CH(0.  CjH^),,  boiling  at  i83-i84«. 
Alcohol  and  chlorine  yield — 

Trichloracetal,  CCl,.  CH(OC,H.0„  boiling  at  197**. 

Monobromacetal,  CIi,BrCH(OC,H^)„  boiling  at  170^,  is  produced  from  acetal, 
bromine  and  CaCO,  (B.  25,  2551).  Sulphuric  acid  decomposes  the  chlorinated 
acetals  into  alcohol  and  chlorinated  aldehydes  (p.  198). 
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B.  Dihalogen  Aldehydes  and  Aldehyde  Halohydrins,  their  Alkyl  Bthen 
and  Anhydrides. 

In  describing  the  dihalogen  substitation  products  of  the  paraffins  it  was  indicated 
that  compounds  in  which  two  halogen  atoms  occur  joined  to  the  same  terminal 
carbon  atom  bear  an  intimate  genetic  relation  to  the  aldehydes,  and  are  therefore 
called  aldehyde  dibaloids. 

If  these  compounds  be  referred  to  the  glycols  containing  two  hydroxy]  groups 
attached  to  the  same  terminal  carbon  atom, — f>.,  the  hypothetical  ortho-aldehydes, — 
I  hen  the  aldehyde  haloids  are  the  neutral  haloid  esters  of  these  glycols.  Between 
the  ortho-aldehydes  and  the  aldehyde  haloids  stand  the  monohaloid  esters,  the 
aldehyde  halohydrins,  isomeric  with  the  monohaloid  esters  of  the  true  glycols, — the 
glycol  halohydrins, — but  only  known  in  the  form  of  their  alkyl  ethers,  the  a-mono- 
haloids,  ordinary  ethers  aind  their  anhydrides,  the  symmetrical  a-disubstituted, 
ordinary  ethers : 


(CH,<8S) 
,OH 


CH, 


(CH,<gH) 

.OH 
(^«<^  ) 


CH.<gi^"« 


CH 


I    ^a '       I    ^a 

CH,  CH, 


/OC,Hj 


Q^CHjCl 
^"^CHjCl 


CH,<^j 


.CHCl.CH,    CHCL 
^CHCl.CH,    CH, 


The  genetic  relations  of  the  aldehyde  haloids  to  the  aldehydes  consist  in  the 
formation  of  aldehyde  chlorides  from  the  aldehydes  by  means  of  PCI5,  and  the 
transposition  of  the  aldehyde  chlorides  when  heated  to  loo^  with  water. 

I.  Aldehyde  Dibaloids. — The  boiling  points,  melting  points  and  specific  gravities 
of  some  of  the  simple  aldehyde  dibaloids  are  given  in  the  appended  table.  The 
inclosed  numbers  after  the  boiling  points  indicate  diminished  pressure : 


Name. 


Methylene  Chloride, 
Methylene  Bromide, 
Methylene  Iodide,  . 
Ethidene  Chloride,  . 
Ethidene  Bromide,  . 
Ethidene  Iodide,  .  . 
Piropidene  Chloride, 


Formula. 

M.  P. 

B,  P. 

Sp.  Gr. 

CHjCl, 

CHjBr, 

CH,I, 

CHjCHCL 

CH,CHBr, 

CH,CHI, 

CH, .  CHjCHCl, 

+  4^ 

4l» 
98- 

150°  (330) 
58<> 

no® 

1270(171) 

860 

1.37     (  oo) 
2.54     (  qo) 

3.28    (I5«) 
1. 17    (20**) 

2.02      (20^) 
2.84    (  O*) 
1.16    (I4«) 

Methylene  Chloride  b  formed  from  CH,C1  and  CI,  and  by  the  redaction  of 
chloroform  by  means  of  zinc  in  alcohol. 

Methylene  Bromide  results  on  heating  CH,Br  with  bromine  to  180^,  and  by 
the  action  of  triozymethylene  upon  aluminium  bromide. 

Methylene  Iodide  is  produced  when  iodoform  is  reduced  with  HI,  or  better, 
with  arsenions  add  and  sodium  hydroxide  (Klinger).  It  is  characterised  by  a  high 
specific  gravity;  chlorine  and  bromine  change  it  to  methylene  chloride  and  bromide 
(compare  ethylene,  p.  90). 

Bthidene  Chloride,  Aldehyde  Chloride ^  is  produced  (i)  from  aldehyde  by  the 
action  of  PCl^,  (2)  from  vinyl  bromide  by  means  of  hydrogen  bromide,  and  (3)  by 
treating  copper  acetylide  with  concentrated  hydrochloric  acid  (A.  178,  in)  (compare 
ethylene,  p.  90). 

Bthidene  Bromide  is  obtained  by  the  action  of  PG,Br,  upon  aldehyde  (B.  5, 
289). 

Ethidene  Iodide  is  obuined  from  acetylene  and  hydrogen  iodide  (B.  28,  R.  1014). 
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2.  Alkyl  Ethers  of  the  Aldehyd  Halohydrins,  a-Monohaloid  Ethers. — 
These  result  from  the  action  of  alcohols  and  haloid  acids  upon  the  aldehydes. 
Alcohols  or  alcoholates  readily  convert  them  into  acetals.     Monocklormetkyl  Ether, 

CH,<Q  ^"»,  boils  at  6oO;  D.  y  =  1. 1508.     Manobrommethyl  Ether  boils  at 

87^;  sp.  gr.,  1.531  (12.5°).    Mono-iodomethyl  iSM^  boils  at  124^;  sp.  gr.,  2.0249 

(15.9°)  (B.  26,  R.  933).     MonocMormethyl  ethyl  Ethtr,  CH,<^^»,  boils  at  8o<»; 

D.  y  =  1.023.  Consult  B.  27,  R.  670,  for  higher  monochlormethyl  alkyl  ethers. 
a-Moncchlorethyl  Ether,  CH, .  CHOI .  O .  CHT  .  CH„  boiling  at  98°,  and  isomeric 
with  ethylene  chloihydrineihyl  ether,  CICH, .  CH, .  O .  C,H(,  is  produced  by  the 
chlorinatioo  of  ether,  and  by  saturating  a  mixture  of  aldehyde  and  alcohol  with 
hydrochloric  acid,  into  which  substances  it  is  again  resolved  by  water.  Mono- 
bromethyl  Ether  boils  at  105^  (B.  18,  R.  322). 

3.  Sym.  a-Dihalogen  Alkyl  Ethers,  Ethers  of  the  Aldehyde  Halohydrins. 
— The  symmetrical  dihalogen  methyl  ethers  result  from  the  action  of  the  haloid  acids 
upon  trioxymethylene.  %-Dichlarmethyi  Ether  (CYiJC\)fi,  boils  at  105^.  and  has  the 
sp.gr.  1-315.  %  Dibrommethyl  £M^  boils  at  150^.  s-Di-iodomethyl  Ether  boils 
at  2180. 

C.  Carboxylic  Esters  of  Methylene  and  Ethidene  Glycols  are  formed  (i) 
from  aldehydes  and  acid  anhydrides;  (2)  from  aldehydes  and  acid  chlorides; 
(3)  from  the  corresponding  chlorides,  bromides  and  iodides  by  the  action  of  silver 
salts.     When  boiled  with  water  these  esters  break  down  into  aldehydes  and  adds: 

1.  CH, .  CHO  +  (CH,CO),0      =  CH,CH(OCOCH,), 

2.  CH,CHO  -h  CH, .  COa      =  CH,CH<^-  ^^^, 

3.  CHA  4-  2CH, .  COjAg  =  CH,(OCOCH,),  +  2AgI. 

Methylene  Diacetic  Ester,  CH,(0CXX:H,)„  boils  at  I70<>.  Ethidene 
Discetate,  CH,CH(0 .  COCH,),,  boib  at  169^'.   Ethidene  Chlorhydrin  AceUte, 

acetic    monochiorethyi   ester,  CH, .  CH<^j- ^^^^»,  boiling  at   121. 5®,  serves  as 

starting-out  material  in  the  preparation  of  ether  esters  and  mixed  esters,     Ethidene 

Chlorhydrin  Propionate,  CH,CH<^j'  ^^ '  ^"»,  boils  at  I34-I36*».    By  treating 

the  first  chlorhydrin  with  silver  propionate  there  results  the  same  Ethidene  Acet- 

propionate,  CH, .  CH .  <q  '  ^ '  ^JJ»,  boiling  at  I78.6«,  as  is  obtained  from  the 

second  by  the  action  of  si/ver  acetate.     These  facts  argue  for  the  epavaUnce  of  the 
carbon  valences  (Geuther,  A.  225,  267). 


3.  SULPHUR  DERIVATIVES  OP  THE  LIMIT  ALDEHYDES. 

In  this  class  are  (A)  the  thioaldehydes,  their  polymeric  modifications  and  their 
sulphones;  (B)  the  mercaptals  or  thioacetals,  with  their  sulphones,  and  (C)  the 
oxysulphonic  and  disulphonic  acids  of  the  aldehydes. 

A.  Thioaldehydes,  Poljrmeric  Thioaldehydes  and  their  Sulphones. — ^The 
simple  thioaldehydes  are  not  well  known.  The  polymeric  thioaldehydes  are  more 
accessible.  All  of  them  can  be  regarded  as  the  alkyl  derivatives  of  pol]rmeric 
trithioformaldehyde,  the  trithiomethylene,  discovered  by  A.  W.  Hofmann.  They 
are  formed  when  the  aldehydes  are  acted  upon  with  H,S  and  HCl.  The  H,S  addis 
itself  to  the  C  =  O-group  of  the  aldehydes,  and  oxysulphhydrides  result,  from  which 
''rithioaldehydes  arise : 

'-'^^^  CH.<SH  3.  CH.<| ;CH|SH  ^  cH.<|lCH.>s. 
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The  trichioaldehydes  are  odorless  solids,  whereas  the  simple  thioaldehydes  and 
their  mercaptan-Iike  transposition  products  possess  an  adherent,  disagreeable  odor. 
Potassium  permanganate  oxidizes  the  trithioaldehydes  first  to  sulphide-sulpkones  and 
then  to  trisulpkanes.  The  molecular  weight  of  the  trithioaldehydes  has  been  deter- 
mined both  by  Tapor  density  and  by  the  lowering  of  the  freezing  point  of  their 
naphthalene  solution.  Klinger  first  proposed  the  structure  for  the  trithioaldehydes. 
It  corresponds  to  the  formula  of  paraldehyde  and  was  proved  correct  by  the  oxida- 
tion of  the  trithioaldehydes  to  trisnipbones. 

The  isomeric  phenomena  of  the  trithioaldehydes  led  Baumann  and  Fromm  to 
consider  their  spacial  relations  (B.  24,  1426). 

Proceeding  from  the  same  considerations,  which  served  Baeyer  in  his  explanation 
of  the  isomerism  of  the  hexamethylene  derivatives  (see  hexahydrophthalic  acids)  ^ 
these  chemists  distinguished  a-,  cis-  or  malelnoid  and  /9-,  trans-  or  fumarold  modi- 
fications. Camps  endeavors  to  represent  the  spacial  difference  between  two  trithio- 
aldehydes in  the  following  way : 


^,  Trans-form. 

The  C-atoms  are  assumed  to  be  in  the  angles  of  the  triangles,  and  the  S-atoms  are 
in  the  middle  of  the  sides.  The  three  alkyl  groups  are  either  upon  the  same  side  of 
the  six-membered  ring  system :  a,  d>-form ;  or  upon  different  sides  of  it :  /S,  trans- 
modification.  Only  one  disulphone-sulphide  corresponds  to  the  ^tr-modification, 
while  two  stereo-isomeric  disulphone-sulphides  take  the  trans-iotm  (see  Klinger,  B. 
XI,  1027). 

Trithiofonnaldehyde,  [CH,S]„  melts  at  2i6<>.  Thioacetaldehyde  is  not 
known  in  a  pure  sUte.  a-Trithioacetaldehyde  melts  at  101°  and  boils  at  246-247'^. 
Acetyl  chloride  converts  it  into  /9-trithioacetaldehyde,  [CH,CHS]„  melting  at 
125-126^,  and  boiling  at  245-248^^  (B.  24,  1457)- 

Smiphonet  of  the  Trithioaldehydes. — The  trisulphones,  resulting  from  the  oxida- 
tion of  the  trithioaldehydes,  are  all  to  be  viewed  as  alkylized  derivatives  of  tri- 
methylene  trisulphone.  The  six  methylene  hydrogen  atoms  of  trimethylene  tri- 
snlphone  are  acid  like  those  of  the  methylenes  in  malonie  ester  (see  this).  They  can 
be  replaced  by  metals,  and  hexa-alkylized  trimethylene  sulphones  can  be  synthet- 
ically prepared  by  the  double  decomposition  of  the  alkali  derivatives  with  alkyl 
iodides.  These  are  identical  with  the  oxidation  products  of  the  corresponding  tri- 
thUketones.  The  primary  product  in  the  oxidation  of  a  trithioaldehyde  is  a  mono- 
solphone,  the  secondary  a  disulphone,  and  finally  a  trisulphone  is  produced. 

Trimethylene    Trisulphone,    CH,<|q«__^5*>SO„    and     Trimethylene 

Disulphone-Bulphide,  CH,<|^« ;  ch'>S,  ^^  not  melt  at  340«.     This  is  also 

tnie  of  Triethidene  Trisulphone',  [CH^CHSO,],  (B.  25,  248). 

The  two  isomeric  trithioacetaldehydes  yield  Tnethidene  Disulphone-sulphide, 

CH, .  CH  .  <|o'cH|cH'i^^'  melting  at  228-23i«>.    "  The  isomerism  of  the  trithio- 
aldehydes vanishes  in  their  oxidation  products  "  (B.  26,  2074 ;  27,  1667). 

Thialdin,  CH,  CH<|;^J{|^}Jj|>NH,  melting  at  43**.  '^  produced  by  the 
actioo  of  NH,  upon  a-trithioacetaldehyde  (B.  xg,  1830),  and  of  H,S  upon  aldehyde- 
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amiDoaU  (A.  6i,  2).     It  yields  etkidene  dismlphmtU meid {^gathdtim)\ff 
Methyl  Thialdin,  (C^H^VsslNCH^,  melts  it  ^^  (R  19,  2378). 


B..  Mercmpuds  or  Thioacetals  and  their  Solphooes. 

The  ihioaeetals,  corresponding  to  the  acei^,  are  called  murcmptmb,  Thej  are 
formed  (I )  from  alkjl  iodides  and  alkali  mercaptides ;  (2)  bj  the  actimi  of  HQ  a|nB 
the  aldehydes  and  mercaptans.  They  are  oils  with  veiy  impleasaBt  odm^  and  aie 
oxidized  by  KMoO^  to  salphooes : 

c".<li;II:  — - — ^  cH.<i8::§[S- 

Methylene  Mercaptal,  CH,(SC,H.L,  boils  at  aboot  180".  Btfaidene  Mevcap- 
tal,  ethideoe  dithioethyl,  dUkioofetai,  CH, .  CH  .  (SC;H^)^  boils  at  l86».  Prapi- 
dene  Mercaptal,  CH,.  CH«.  CH(SC,H^y^  boib  at  I98<>. 

In  the  solphones  of  the  mercapials  the  methylene  hydrogen  (see  above)  b  replace- 
able by  alkali  metal.  Mono-  and  dialkylized  sulphcxiies  can  be  prepared  from  thcK 
alkali  deriTatives.  Again,  the  dialkylized  solphones  may  be  obCaioed  from  the  war" 
capiols  (p.  218);  sulpkonal  belongs  to  this  class. 

Methylene  Diethyl  Sulphone,  CH,(SO,C^H(V„  meltii^  at  I04»,  b  readily 
soluble  in  water  and  in  alcohol.  It  b  fonned  m  tl»  oxidation  of  orthothiofermic 
ethyl  ether  (see  this).  EikUene  Diethyl  Sulpkome,  CH,CH(S0,C;H^„  melts  at 
75**  and  boils  trithoat  decomposition  at  abont  320^. 

C.  Ozysulphonic  Acida  and  Disulphonic  Acida'of  the  Aldehydes. 

The  alkali  salts  of  the  oxysulphonic  adds  crystallize  well.  They  decompose  quite 
easily  and  are  formed  by  the  action  of  the  alkali  bisulphites  upon  the  aldehj^ies. 
Acids  decompose  them  into  aldehydes  and  SO,. 

The  only  stable  acid  is — 

Methylenehydrin  Sulphonic  Acid,  Ozymethylene  Solphonte  Acid, 
CH,(OH)S<^),H,  which  is  formed  together  with  Ozjrmethylene  Disolphonic 
Acid,  CH(OH)(SO,H),,  and  Methine  Tnsulphonic  Add,  CH(SO,H)„  by  the 
action  of  fuming  sulphuric  acid  upon  methyl  alcohol  and  subsequent  boiung  of  the 
product  with  water. 

Methionic  Acid,  of  the  disulphonic  acids  of  the  aldehydes,  has  long  been  known : 
Methylene  Disulphonic  Acid,  CH,  .  (SO,H),,  Methionic  Acid,  b  produced 
when  fuming  sulphuric  acid  acts  upon  acttamide,  acetanitrile^  huHc  acid^  etc.  It  b 
most  conveniently  made  by  saturating  fuming  sulphuric  acid  with  acetylene  (from 
calcium  carbide).  In  this  instance  it  is  most  certainly  due  to  the  decomposition  of 
aceialdehyde-disulphonic  acid,  an  intermediate  product : 

CH  :  CH  — §^' — >  OCH  .  CH(SO,H),   >-  CH,(SO,H),  -|-  CO. 

There  b  simultaneously  formed  another  sulpho-acid,  richer  in  carbon.  It  can 
easily  be  separated  from  this  by  means  of  its  sparingly  soluble  barium  salt  (IViTately 
communicated  by  G.  Schroeter.)  Methionic  acid  crystallizes  in  deliquescent  needles. 
It  is  not  decomposed  by  boiling  nitric  acid.  CH,(SO,),Ra-f  2H,  Ooonsists  of 
ptrarly  leaflets,  dbsolving  with  difficulty  in  water.  Ethidene  Di8ul|diCMiic  Acid, 
CII3 .  CH(SO,H),,  b  produced  when  tkialdin  b  oxidized  with  KMnO^  (B.  la,  682). 
The  hydrogen  of  the  methine  group  in  Bthidene  Disulphonic  Acid  Bthyl  Eater, 
(.'IIj .  CH(SOsC,Hj)„  can  be  replaced  by  sodium  by  means  of  sodium  alcobolate,  and 
then  by  alkyls,  just  as  was  done  in  the  case  of  the  sulphones  (p.  203)  and  the  alkyl 
malonic  esters  (see  these)  (B.  ai,  1550). 


4.  NITROGEN  DERIVATIVES  OP  THE  ALDEHYDES. 

A.  Nitro- Compounds. — Brom-nitromethaney  and  XyY-brom-nitroHhant  and 
^ne,  as  well  as  l,l-dinitro*paraflfins,  which  have  been  prenonsly  described,  moit 
regaided  as  nitrogen-containing  aldehyde  derivatives. 
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B.  Aminonia-  and  Monalkylamine  Aldehyde  Derivatives  (p.  192). — ^While 
ammonia  adds  itself  to  aceUldehyde  and  its  homologoes,  forming  aldehyde  ammonias 

or  amido-alcohols,  e.  g.^  CH, .  CH<Coh  »   ^^^'^  '^  comes  in  contact  with  fonnalde- 

hjde  it  immediately  produces — 

Hexaxnethylenetetramine,  (CH,), N^,  discovered  in  i860  hy  Butlerow.  Under 
the  name  of  formin  it  is  used  as  a  solvent  for  uric  acid.  It  is  very  soluble  in  water. 
It  crystallizes  from  alcohol  in  brilliant  rhomboh^ra.  It  sublimes  without  decom- 
position in  a  Tacuum.  It  is  again  resolved  into  CH,0  and  ammonia  when  distilled 
with  sulphuric  acid.  It  is  a  monacid  base,  but  shows  no  reaction  with  litmus  (B.  aa, 
1929).  It  combines  with  the  alkyl  iodides  (B.  zg,  1840).  (Consult  further  B.  26,  R. 
238.)  Efforts  have  been  made  to  ascertain  its  molecular  weight  by  the  analysis  of  its 
sidts,  by  an  approximate  determination  of  its  vapor  density,  and  by  the  lowering  of 
the  freezing  point  of  its  aqueous  solution  (B.  zg,  1842;  21, 1570).  Nitrous  acid  first 
converts  hexamethylenetetramine  into  dinitrosopentametbylenetetramine,  and  this 
then  into  trinitrosotrimethylenetriamine.  When  it  is  considered  that  trimethylene- 
trimethyltriamine  is  formed  by  the  interaction  of  methylamine  and  formaldehyde, 
it  is  obvious  that  the  reaction  must  cease  at  this  point,  because  the  imide-hydrc^en 
atoms  have  been  replaced  by  methyl  groups.  Ammonia  and  formaldehyde  yield  at 
fint  trimethylenetriamine,  corresponding  to  trimethylenetrimethyltriamine,  which 
absorbs  ammonia  and  formaldehyde,  splits  off  water  and  becomes  pentamethylene- 
diamine.  The  latter  is  converted  by  formaldehyde  into  hexamethylenetetramine. 
The  following  constitutional  formulas  aim  to  represent  this  deportment  (compare 
Roscoe-Schorlemmer  (1884),  vol.  ill,  646;  Duden  and  Scharff,  A.  288,  218) : 
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CH,'  ^CH, 

Trimethylenetriainine     Pentamethyleaetetramine 


CH, 
Hexamethylenetetramine. 


The  following  bodies  are  produced  when  primary  amines  act  upon  formaldehyde 
(B.  28,  R.  233,  381,  924;  ag,  2  no)  : 

Methylmethyleneamine,  [CH,  =  N .  CH,],,  boiling  point,  166** ;  sp.  gr.,  0.9215 

(18  7*). 

Ethylmethyleneamxne,  [CH,  =  N .  C,Hg]„  boiling  point,  207^ ;  sp.  gr. ,  0.8923 

(18. 7**). 

«-Propylmethyleneainine,  [CH,  =  N.  CjH,],,  boiling  point,  248^;  sp.  gr.,  0.880 

(18. 70). 

By  the  nse  of  aldehydes  with  higher  molecular  weight,  the  tendency  to  poly- 
merization on  the  part  of  the  reaction  products  of  primary  amines  and  aldehydes 
diminbhes : 

Methylisotmtyleneamine,  (CH,),CH  .  CH  =  N .  CH„  boils  at  68<>.  Secondary 
amines  and  formaldehyde  yield — 

Tetramethylmethylenediamine,  CH,<j^J^jj'|«,  boiling  at  85**  (B.  26,  R.  934). 

Aldehyde-ammonia,  CH,CH(OH)NH,,  melts  at  70-80^^  and  boils  at  100°.  It 
is  produced  when  dry  ammonia  gas  is  conducted  into  an  ethereal  solution  of  aldehyde, 
and  consists  of  brilliant  rhombohedra,  dissolving  readily  in  water.  They  can  be 
vaporized  without  decomposition  in  a  vacuum.  Acids  resolve  it  into  its  com- 
ponents (p.  192) : 

CH,. CHO     '*"*    >  CH, .  CH(OH)NH,    ^^^"*  >  CH,CHO  +  SO,H .  NH^. 
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In  contact  with  water  it  passes  into  amorphons  Hydracetamide,  C^H^N,.  Sodium 
nitrite,  added  to  a  slightly  acidulated  solution  of  aldehyde-ammonia,  produces — 

Nitrosoparaldimine,  C(Hj,0,(N.NO),  which  Iry  reduction  becomes  amido- 
paraldimine,  CfH,,0,(N.  NH,),  and  this  in  turn,  by  the  action  of  dilute  sulphuric 
acid,  splits  oS Hvdranne,  NH,  .  NH,  (B.  23,  740).  Paraldimine  should  be  viewed 
as  paraldehyde  in  which  an  oxygen  atom  has  been  replaced  by  the  imido  group. 
Hydrogen  sulphide  changes  aldehyde-ammonia  to  Tkialdin  (p.  203),  while  with 
prussic  acid  it  becomes  the  nitrile  of  a-amidopropiimic  acid  (see  this).  A  rather  re- 
markable reaction  occurs  when  aldehyde-ammonia  acts  upon  aceto-acetic  ester.  It  is 
the  formation  of  I,  3,  5-  Trimethyldihydropyridine'dicarbonic  ester  (see  this). 

Chloral-ammonia,  Ca,CH<Q2»,  melts  at  63«». 

For  the  ehloralimides,  (CO, .  CH  :  NH)„  and  Dehydrochhralimides,  CjH^Cl^N^ 
consult  B.  25,  R.  794 ;  24,  R.  628.  The  isomerism  of  the  former  is  very  probably 
dependent  upon  the  same  causes  as  that  of  the  poljrmeric  thioaldehydes  (p.  203). 

C.  Aldoximes,  R'.CH  =  N.  OH  (V.  Meyer,  1863). 

The  aldoximes  are  formed  when  hydroxylamine,  an  aqueous  solu- 
tion of  the  hydrochloride  (i  mol.),  mixed  with  an  equivalent  quantity 
of  soda  {^i  mol.)  acts  in  the  cold  upon  aldehydes.  At  first  there  is 
very  evidently  formed  an  unstable  addition  product,  corresponding  to 
aldehyde-ammonia,  which  in  the  case  of  chloral  may  be  obtained  in 
stable  form,  but  which  passes  readily  into  the  oxime : 

cci.c^   '^"•°"  >  (cci..c^g°")      -"«°    >ca.c^gO". 

The  aldoximes  are  colorless  liquids  which  boil  without  decomposition.  The  first 
members  of  the  series  dissoWe  readily  in  water.  When  boiled  with  acids  they  are 
again  changed  to  aldehyde  and  hydroxylamine.  By  the  action  of  acetic  anhydride  or 
acetyl  chloride  the  aldoximes  become  nitriles : 

CHjCH  =  NOH  +  (CH,CO),0  =  CH.CN  +  2CH,CO,H. 
Aceioxime  Acetonitrile. 

The  oximes  and  hydrazones  (p.  207),  like  the  aldehydes,  take  up  prussic  acid ;  the 
products  are  amidoxyl-  or  hydrazino-nitriles  (B.  29,  62). 

Pormozime,  Formaldoxime^  CH,  =  N  .  OH,  boils  at  84®,  and  passes  spontane- 
ously into  polymeric  triformoxime,  CH,<^|qJJ|  *  ^J|«>N  .OH  (B.  29,  R.  658). 

FonU'txime  yields  hydrocyanic  acid  when  it  is  boiled  with  water  (B.  28,  R.  233). 

Acetaldoxime,  CH, .  CH  :  NOH,  melting  at  47°  and  boiling  at  115°,  also  exists 
in  a  second  modification,  melting  at  12°,  which  readily  reverts  to  the  first  form  (B. 
26,  R.  610;  27,  416). 

Chloralhydroxylamine,  CCl,.  CH(OH)NH(OH),  melts  at  89**  (B.  25,  702), and 
even  upon  standing  in  the  air  becomes — 

Chloralozime,  CCljCH  =  NOH,  melting  at  39-40*». 

Propionaldozime,  CjHj .  CH  =  N .  OH,  boils  at  130-1320. 

Isobutyraldoxime,  (CH,),CH  .  CH  =  NOH ,  boils  at  139°.    Isovaleraldozime, 

rCH,),CH  .  CH, .  CH  =  NOH.  boils  at  i64-i65<».    CEnanthaldozime,  CH,(CH,)j- 

CH :  NOH,  melts  at  55.5°  and  boils  at  195°.     M3rristinaldoxime  melts  at  ^2°  (B. 

2858).     The  aldoximes  of  the  fat  series  resemble  the  aromatic  synaldoximes  in 

deportment  (B.  28,  2019). 
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D.  Diaxoparaffins  are  produced,  as  shown  by  ▼.  Pechmann  in  1894,  by  the  action 
of  alkalies  upon  nitrosamines.     Diazomethane  alone  has  been  carefully  studied. 

Diazomethane,  AtimethyUne^  CH^N,,  is  at  the  ordinary  temperature  a  yellow, 
odorless,  but  very  poisonous  gas,  which  strongly  attacks  the  skin,  the  eyes,  and  the 
lungs.     It  is  best  made  by  the  action  of  alkalies  upon  nitrosomethylurethane : 

.NO  .N 

CHjNC  4-  NaOH  =  CH,C  ||  +  H-O  +  NaO .  CO,C,H.. 

^CO.CjHj  ^N 

Diazomethane  exhibits  the  reactivity  of  diazoacetic  ester  (see  this).  Water  con* 
verts  it  into  methyl  alcohol.  Iodine  changes  it  to  methylene  iodide.  Inoi^anic  and 
organic  acids  are  changed  into  their  methyl  esters :  hydrochloric  acid  into  methyl 
chloride ;  pmssic  acid  into  acetonitrile ;  phenols  intp  anisols ;  toluidine  into  methyl 
tolttidine.  Diazomethane  and  fumaric  methyl  ester  unite  to  pyrazolindicarboxylic 
ester  (B.  a8,  1624,  2377). 

E.  Aldehyde  Hydrazones  (£.  Fischer,  A.  zgo,  134;  236,  137). 

The  aldehyde  hydrazones  correspond  to  the  aldoximes.  They  are  the 
transposition  products  of  aldehydes  and  hydrazines  (see  these),  which 
are  formed  when  their  constituents  are  mixed  in  ethereal  solution. 
The  water  produced  in  the  reaction  is  removed  by  KjCO,,  and  the 
hydrazones  then  purified  by  distillation  under  diminished  pressure : 

CHjCHO  +  H,N  .  NHCjHj  =  CH,CH  =  N .  NHC^H^  +  H,0. 

Acetaldehyde  Hydrazone,  Ethidene  Phenylhydrazine,  CH, .  CH  =  NNH- 
C^H<,  boils  at  140^  (20  mm.).  Crystals,  melting  at  63-65^,  separate  from  the  cold 
solution  of  the  freshly  distilled  preparation,  dissolved  in  75  per  cent,  alcohol.  If  the 
liquid,  after  the  addition  of  4  c.c.  of  cone,  sodium  hydroxide,  be  heated  to  boiling  for 
three  minutes,  a  second  modification,  melting  at  98-101°,  will  separate  out  upon 
cooling.  When  azophenylethyl  (see  this)  is  dissolved  in  cold,  concentrated  sulphuric 
acid,  it  changes  to  acetaldehydephenylhydrazone  (B.  29,  793).  Aldehyde  precipi- 
tates the  body  CH, .  CHO.  2(CjH5NHNH,),  melting  at  77.5®,  from  the  solution 
of  phenylhydrazine  bitartrate  (B.  29,  R.  596).  Propylaldehydepkenylkydrazone^ 
CHj .  CH, .  CH  =r  N,C,H^,  boils  at  205°  (180  mm.).  These  hydrazones  take  up 
pmssic  acid  and  pass  into  the  nitriles  of  hydrazido-acids  (B.  25,  2020). 

Formaldehyde  differs  from  the  higher  homologues  in  that  with  phenylhydrazine  it 
yields — 

Trimethylene  Phenylhydrazine,  (C,HgN,),(CH,)„  melting  at  183-184°  (B.  29, 

1473;  R-  777). 

Ponnalazine,  CH,  =  N  —  N  =  CH,  (?),  from  formaldehyde  and  hydrazine,  is  a 

white,  amorphous,  somewhat  hygroscopic  mass  (B.  26,  2360). 


a  B.  OLEFINS  ALDEHYDES,  C„H,„-| .  CHO. 

The  unsaturated  aldehydes,  having  a  double  carbon  union,  bear  the 
same  relation  to  the  olefine  alcohols  (p.  130)  that  the  paraffin  alde- 
hydes sustain  to  their  corresponding  alcohols.  Their  aldehyde  group 
shows  the  same  reactive  power  as  the  group  in  the  ordinary  aldehydes. 
In  addition,  the  unsaturated  residue,  CnH„-i,  gives  rise  to  addition- 
reactions  similar  to  those  shown  by  the  olefin es.  Some  of  the  olefine 
aldehydes  are  connected  with  the  saturated  aldehydes  by  condensation 
reactions;  ^.^.,crotonaldehyde,  tiglic  aldehyde,  methyl  acrolein,  etc. 
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Acrolein^  C,H,0  =  CH, :  C  H .  CHO,  boils  at  5  2**.  It  is  produced 
bv  thr  vAiiUtiou  of  allyl  alcohol  and  by  the  distillation  of  glycerol  or 
tAl>  ^«  I't.)  with  potassium  bisulphate  (2  pts.)  (B.  20,  3388;  A.  Sup.  3^ 

i*H,iUl  CHOH  CHO  CHO 

ft  •  •  I 

illOII  "'^^CH         >- CH,      ~"^Q  >  CH    . 

Vil,(Ml  CHjOH  CHjOH  CH, 

\\  i\>lrlu  i*  a  colorless,  mobile  liquid,  possessing  a  sp.  gr.  of  0.8410 
A)  ivi"*.  It  ban  a  pungent  odor  and  attacks  the  mucous  membranes  in 
^  lU|shtt'ul  manner.  It  is  soluble  in  2-3  parts  water.  It  reduces  an 
f^uuuiUU4(ul  silver  solution,  with  formation  of  a  mirror-like  deposit, 
amU  whc*n  rx]H)sed  to  the  air  it  oxidizes  to  acrylic  acid.  It  does  not 
i  ou\luuc*  with  primary  alkaline  sulphites.  Nascent  hydrogen  converts 
il  lnti»  aiiyi  akohol  (^.  130). 

|*hu»phorua  pentachloride  converts  acrolein  into  propylene  dichloride,  CH,  :  CH  .- 
C*1U'L,  boiling  at  84°  C.  With  hydrochloric  acid  it  yields  /9-ch1orpropionic  alde- 
hyde (p.  199).  With  bromine  it  yields  a  dibromide,  CH, .  Br .  CHBr .  CHO,  which 
Iwciiniea  a,/^dibrompropionic  acid  upon  oxidation  with  nitric  acid.  Baryta  water 
con  vet  ta  it  into  a-aerost  or  (d  -\- 1)  fructose  (see  this). 

Wlien  preserved,  acrolein  passes  into  an  amorphous,  white  mass  (disaeryl).  On 
warming  tne  HCl  compound  of  acrolein  (see  above)  with  alkalies  or  potassium  car- 
bonate metacroltln  is  obtained.  The  vapor  density  of  this  agrees  with  the  formula 
(C,U/)),.     It  fuses  at  45 -46^ 

Ammonia  changes  acrolein  to  the  so-called  acroletn-ammonia^  2C,H^O  •\-  NH,  = 
CfHiNO  -\-  H,0.  This  is  a  yellowish  mass  that  on  drying  becomes  brown,  and 
forms  amorphous  salts  with  acids.  It  yields  picoline^  C, H^N  (methylpyridine,  CjH.- 
N .  CH,),  when  distilled.  Hydrazine  changes  acrolein  to  pyrazoline,  and  phenyl- 
bydraxine  converts  ii  into  i-phenylpyrazoline  (B.  a8,  R.  69). 

Crotonaldehyde,  QH,0  =  CH,.  CH  :  CH.  CHO,  boils  at  104** 
(Kekuld,  A.  162,  91).  It  is  obtained  by  the  condensation  of  cuetal- 
liehyde  (p.  195)  from  the  primarily  formed  aldol^\i^x\.  heated  with  dilute 
hydrochloric  acid,  with  water  and  zinc  chloride,  or  with  a  sodium 
acetate  solution,  to  100®  C.  (B.  14,  514 ;  25,  R.  732).  When  aldol  is 
heated  or  treated  with  dilute  hydrochloric  acid  it  splits  off  water  and 
becomes  crotonaldehyde : 

aCHj.CHO  >►  CH,.CH(OH).CH,.CHO >  CH,.CH  =CH.CHO. 

Crotonaldehyde  is  a  liquid  with  irritating  odor;  at  o*'  it  has  a  sp.  gr.  of  1.033 
and  boilt  at  104^.  On  exposure  to  the  air  it  oxidizes  tocrotonic  acid ;  it  reduces  silver 
oxide  (B.  29,  R.  290).  It  combines  with  hydrochloric  acid  to  form  P-cklcrbutyr- 
aldthyd*  (p.  X99) ;  on  standing  with  hydrochloric  acid  it  unites  with  water  and 
becomes  aldol ,  Iron  and  acetic  acid  change  it  to  croton-aUohol^  buiyraidthyde  and 
hutiil  nUohoL 

*n  the  alcoholic  solution  of  acetaldehyde-ammonia  is  heated  to  120°,  Gro- 
in monla,  C.H1.NO  (Oztetraldine),  is  produced.     It  is  a  brown,  amoipbous 
Vhen  heated  it  breaks  up  into  water  and  collidine,  C,H„N  (see  this), 
s  Aldtbydt,  ffuaiacol,  Cn,CH  :=C(CH,) .  CHO,  boils  at  lie*".    It  may 
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be  obuined  by  the  distillation  of  guaiacol  resin  and  by  the  condensation  of  ethyl- 
and  propyl-aldehydes. 

Methyl-ethyl  Acrolein,  C,H^ .  CH  :  C(CH,) .  CHO,  is  produced  by  the  con- 
densation of  propionic  aldehyde  (p.  196),  and  boils  at  137^  C. 

Citronellal  and  its  isomeride  Rhodinal  are  olefine  aldehydes,  and  Geranial  or 
Citral  belongs  to  the  class  of  diolefine  aldehydes.  These  will  be  duly  considered 
under  the  ol^ne  terpents, 

2C.  Acetylene  Aldehydes,  C„H,,^.  CHO.  Propargylic  Aldehyde.  CH  :  - 
C.CHO,  boils  at  59O.  It  is  produced  when  the  acetal,  CH  j  C.CH(C)C,Hj)„ 
boiling  at  140°,  from  dibrom-acrolein  acetal  and  alcoholic  potash,  is  boiled  with 
dilute  sulphuric  acid.  It  is  a  very  mobile  liquid,  which  provokes  tears.  Its  silver 
sait  is  very  explosive.  Sodium  hydrate  at  the  ordinary  temperature  decomposes 
propargylic  aldehyde  instantly  into  acetylene  and  sodium  formate :  CH  •  C .  CHO 
+  NaOH  =  CH  :  CH  +  NaO  .  CHO  (L.  Qaisen,  privately  communicated). 

3  A.   Ketones   of  the    Limit    Series,    Paraffin    Ketones, 

CnH.nO. 

In  the  introduction  to  the  aldehydes  and  ketones  (p.  187)  atten- 
tion was  directed  to  the  great  similarity  between  these  two  classes 
of  compounds,  which  finds  expression  in  their  most  importajit  methods 
of  formation  and  in  their  transposition  reactions.  It  was  also  there 
stated  that  two  different  kinds  of  ketones  were  known  : 

1.  Simple  ketones,  containing  two  similar  alky  Is. 

2.  Mixed  ketones,  having  two  different  alkyls. 

Methods  of  Formation. — i.  Oxidation  of  secondary  alcohols,  whereby 
the  =  CH .  OH-group  is  transposed  to  the  =  CO-group  (p.  187). 

2.  A  variety  of  ketones,  the  pinacolitus,  is  obtained  from  the  ditertiary  glycols — 
ihtpinacanes  (see  these) — by  the  withdiawal  of  water.  This  is  effected  by  means  of 
hot  nydrochloric  acid  or  hot  dilute  sulphuric  a/cid.  The  simplest  ditertiary  glycol  is 
tetramethyl  glycol^  or  pinacone.  It  might  be  expected  that  when  this  lost  water, 
teirametkyl-ethyUne  oxide  would  be  produced.  However,  by  the  occurrence  of  a 
remarkable  intramolecular  atomic  rearrangement  it  yields  the  simplest  pinacolint, 
tertiary  buiyl-methyl  ketone  : 

(CH,).C(OH)  (CH,),C\ 

I  >■  I     O   >■  ( CH,),C .  CO .  CH, 

(CH,),<!:(OH)  (CH,),i/ 

Tetramethyl  Glycol  Tertiary  Butyl-methyl  Ketone, 

Pinacone  Pinacoline. 

3.  By  heating  the  ketone  chlorides  with  water : 

(CHJCCI,       "^     >    (CH,),CO. 

4.  By  action  of  acids  (B.  29,  202)  upon  the  sodium  salts  of  the  mononitro- 
paraffins  (pp.  156, 157),  in  which  the  nitro-group  is  attached  to  a  terminal  carbon  atom : 

2(CH,),C<JJ^«  +  2Ha  =  2(CH,),C0  -f  N,0  +  2NaCl  -f  H,0. 

NucUtu-synthetic  Methods  of  Formation. — 5.  By  the  distillation  of 
calcium  or  barium  acetates  and  their  higher  homologues.     Such  a  salt, 
when  heated  alone,  yields  a  simple  ketone.    The  distillation  of  a  mixture 
18 
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of  equi molecular  quantities  of  the  salts  of  two  acids  results  in  the 
formation  o{  mixed  k^tinus  (p.  i88). 

In  making  ketones  with  high  molecular  weight  it  is  best  to  carry 
out  the  distillation  under  diminished  pressure.  Some  normal  fatty 
acids  have  yielded  ketones  on  treatment  with  P,0|  (6.  26,  R.  495  )• 

6.  The  action  of  the  zinc  alkjls  upon  the  chlorides  of  the  acid 
radicab  (Fretind,  i860). 

The  reaction  is  similar  to  that  oocmring  In  the  fonnation  of  the  tertiaiy  alcohols 
(p.  114).  At  first  the  same  intennediate  product  is  prodaced  (A.  175,  361 ;  x88, 
104): 

fCH, 
CHj.COa  +  Zn{CH,),  =  CH,.CJo.Zn.CH„ 

la 

which  (with  a  second  molecule  of  the  add  diloride)  afterwards  yields  the  ketone 
and  zinc  chloride : 

fCH, 
CIIj.cJ  O.  Zn.  CH,  -h  CH,.  COa  =  iCHj.CO.CH,  +  ZnCl^ 

Ici 

In  many  cases,  especially  in  the  preparation  of  pinacolines  from  tri  methyl -acetyl 
chloride  and  zinc  methide,  it  is  more  advantageons  to  immediately  decompose  the 
addition  product  of  zinc  methide  and  add  chloride  with  water,  when  the  zinc 
hydroxide  will  be  transposed  hy  the  hydrochloric  acid  into  zinc  chloride : 

/O— ZnCH, 
CH,C— CH,  +  aHjO  =  CH, .  CO .  CH,  -|-  Zn(OH),  +  HCl  f  CH^. 

\C1 

7.  By  the  action  of  anhydrous  feiric  chloride  upon  the  add  radicals.  Hydro- 
chloric acid  is  evoWed,  and  chlorides  of  3-kctone  carboxylic  adds  are  produced. 
From  these  water  liberates  the  free  /3-ketone  carboxylic  adds.  The  latter  break 
down  readily  into  carbonic  add  and  ketones  (compare  method  of  fonnadon  8) : 

CH,  CH, 

FejCU  HfO  -COi 

aCjHjCoa— -m:,Hj.  co.  ch.  coa  — m::,h,co.  ch.  cOiH— --><:;Hj.  co.  CjH. 

8.  By  the  oxidation  of  dialkyl  acetic  acids,  and  the  a-oxydialkyl>acetic  acids 
corresponding  to  them ;  the  latter  are  simultaneously  formed  as  intermediate  products 
in  the  oxidation  of  the  former  compounds,  €,g,  : 

(CH,),CH .  CO,H  >-  (CH,),C(OH) .  CO,H  >-  (CH,),CO  +  CO,  +  H,0. 

9.  By  the  breaking  down  of /3-ketone  mono-  and  dicarboxylic  adds — t.  g.: 

CO, 


^  — >  CH,COCH,. 


CH,.CO.CH,.CO,H- 
Acetoacetic  Acid 

CO,HCH,COCH,CO,n  - 

Acetone  Dicarboxylic  Acid. 

2CO, 

cetoacetic  ester,  and  also  acetone  dicarboxylic  acid. 
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The  ketones  are  produced  in  the  dry  distillation  of  citric  acid, 
sugar,  cellulose  (wood),  and  many  other  carbon  compounds. 

Nomenclature  and  Isomerism, — ^The  term  ketone  is  derived  from 
the  simplest  and  first  discovered  ketone — acetone.  The  names  of  the 
ketones  are  obtained  by  combining  the  names  of  the  alkyls  with  the 
syllable  ketone — e.  g. ,  dimethyl  ketone,  methyl-ethyl  ketone,  etc. 

A.  Baeyer  regards  the  ketones  as  keto-substitution  products  of  the  hydrocarbons, 
and  the  group  CO,  uniting  two  alkyl  groups,  be  terms  the  keto-group.  As  one 
carbon  atom  in  the  name  ketopropane  would,  in  consequence  of  this  suggestion,  ht 
twice  designated,  Kekuli  has  suggested  that  the  oxygen  linked  doubly  to  carbon  be 
called  **  oxo  ^'-oxygen.  Then  acetone,  CHsCOCHg,  would  be  z-pxapropane^  pro- 
pionic aldehyde,  CH, .  CH, .  CHO,  would  be  i-oxopropane.  The  **  Geneva  names  '* 
are  obtained  by  adding  the  suffix  *'  on "  to  the  name  of  the  hydrocarbon :  acetone 
is  called  [Propanon],  and  methyl-ethyl  ketone  is  [Butanoo]. 

As  there  is  a  ketone  for  every  secondary  alcohol,  the  number  of 
isomeric  ketones  of  definite  carbon  content  is  equal  to  the  number  of 
possible  secondary  alcohols  containing  the  same  number  of  carbon 
atoms.  The  simple  ketones  are  isomeric  with  the  mixed  ketones  having 
a  like  carbon  content.  The  isomerism  of  the  ketones  among  them- 
selves is  dependent  upon  the  homology  of  the  alcohol  radicals  united 
with  the  CO-group.  Consult  the  isomerism  of  the  aldehydes  (p.  190) 
for  the  isomerism  of  the  ketones  with  other  compounds. 

Properties  and  Transformations, — ^The  ketones  are  neutral  bodies. 
The  lower  members  of  the  series  are  volatile,  ethereal-smelling  liquids, 
while  the  higher  members  are  solids. 

In  enumerating  the  transpositions  possible  with  ketones,  it  will  be 
best  to  present  acetone^  the  most  important  and  most  thoroughly  in- 
vestigated member  of  this  class  of  bodies. 

I.  Ketones  diflfer  chiefly  from  aldehydes  in  their  behavior  when 
oxidized.  They  are  not  capable  of  reducing  an  alkaline  silver  solution. 
They  are  not  so  easily  oxidized  as  the  aldehydes. 

When  more  powerful  oxidants  are  employed,  the  ketones  almost 
invariably  break  down  at  the  union  with  the  CO-group.  Carboxylic 
acids  are  produced,  and  in  some  cases  ketones  with  a  lower  carbon 
content : 

CHj.CO.  CH, >  CH,.  CO,H  and  H.CO,H >  CO,  -f  H,0. 

CjH. .  CO .  CjHg ^  CjHj .  CO,H  and  CH, .  CO,H. 

In  the  case  of  mixed  ketones,  when  both  alcohol  radicals  are  primary  in  character, 
the  CO-group  does  not,  as  was  formerly  supposed,  remain  exclusively  with  the  lower 
alcohol  radiod,  but  the  reaction  proceeds  in  both  possible  directions,  e,  g.: 

^^CH,  .  CO.H  and  CO.H .  CH, .  CH, .  CH, 
CH..CH..CO.CH..CH,.CH.-<J^^;^^;^^^„     ,  .        .        , 

When  a  secondary  alcohol  radical  b  present  it  splits  off  as  ketone,  uid  is  then 
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further  oxidized,  whereas  in  the  case  of  a  tertiary  alcdiol  radical  the  CO-groop 
remains  combined  as  carboxyl. 

The  direction  in  which  the  oxidation  proceeds  is  dependent  less  upon  the  oxidizing 
agent  than  upon  the  oxidation  temperature  (A.  z6i,  285  ;  z86,  257;  B.  15,  1 194; 
17,  R.  315;  x8,  2266,  R.  178;  25,  R.  121^. 

It  is  remarkable  that  pinacolim  (p.  209)  was  successfully  oxidized  by  potassium 
permanganate  to  the  corresponding  a- ketone  carboxylic  acid  of  like  carbon  content : 
trimeihyl pyraracemic  acid  : 

i  (CH,),C .  CO .  CH,  — ^ >-  {Q^Yi^S: .  CO .  CO,H. 

Pinacoline  Trimetnyl-psrroraceinic  Acid. 

2.  Concentrated  nitric  acid  breaks  the  ketones  down,  and  converts  them  in  part 
into  dinitro-paraffins  (p.  159)  : 

(CjHjjjCO     ^^^    >  CH,CH(NO,), 
(CH3 .  CH, .  CH,),CO  >-  CH, .  CH,CH(NO,),. 

3.  Amyl  nitrite,  in  the  presence  of  sodium  ethylate  or  hydrochloric  add,  coofeits 
the  ketones  into  Uonitroso- ketones  : 

CH, .  CO .  CH,    ^QQ^»""   >  CH, .  CO .  CH(NOH)       .  _ 
CH,CO .  CII, .  CH,  >  CH,  .  CO .  C(NOH) .  CH,. 

The  isonitroso-ketones  will  be  discussed  later  as  the  monoximes  of  a^ketp-aide- 
hydes  or  a-diketones. 

Many  of  the  addition  reactions  possible  with  ketones  are  due,  as  in 
the  case  of  the  aldehydes,  to  the  ready  destruction  of  the  double  union 
between  carbon  and  oxygen.  These  reactions  are  partly  followed, 
even  with  the  ketones,  by  an  immediate  exit  of  water. 

4.  Nascent  hydrogen  (sodium  amalgam)  converts  the  ketones  into 
secondary  alcohols  {yi,  113),  from  which  they  are  produced  by  oxida- 
tion.    Pinaconesy  or  ditertiary  glycols,   are   simultaneously  formed 

(p.  209) : 

(CH,),CO  +  2H  =  (CH,),CH .  OH.     " 

5.  The  ordinary  ketones,  like  the  ordinary  aldehydes,  are  little  disposed  to  com- 
bine with  water.  Acetones,  containing  numerous  halogen  atoms,  unite  with  4H,0 
and  2H,0,  forming  hydrates. 

The  ketone  derivatives,  corresponding  to  the  acetah  (p.  200),  are  produced  when 
the  /3-dialkyloxycarboxylic  acids  split  off  CO,,  and  by  the  interaction  of  ketones  and 
orthoformic  ether  (Claisen). 

6.  The  ketones  resemble  the  aldehydes  in  their  deportment — 

a.  With  hydrogen  sulphide  ; 

b.  With  mercaptans  in  the  presence  of  hydrochloric  acid. 

The  products  axe  polymeric  thioketones  {p.  218),  and  the  nurcapids^  ^•/^>»  (CH,),- 
C(SC,Hg),,  corresponding  to  the  mercaptals  (p.  204). 

7.  The  ketones,  unlike  the  aldehydes,  do  not  combine  with  the  acid  anhydrides. 
Pinacoline  alone  unites  with  acetic  anhydride  to  form  a  diacetate,  melting  at  6^^  (B. 
a6,  R.  14). 

8.  Only  those  ketones,  which  contain  a  methyl  group,  form  crys- 
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talline  compounds  with  the  alkaline  bisulphites.    These  can  be  con- 
sidered as  salts  of  oxysulphonic  acids : 

(CHJ,CO  +  SO.HNa  =  (CH,),C<^^j^^. 

These  double  salts  serve  well  for  the  isolation  and  purification  of  the 
ketones,  which  can  be  liberated  from  them  by  dilute  sulphuric  acid  or 
a  soda  solution. 

9.  Behavior  of  ketones  with  ammonia^  hydroxylamine  and  phenyl" 
hydrazine,  {a)  Acetone  behaves  differently  toward  ammonia  from  the 
aldehydes.  Nucleus-synthetic  reactions  occur,  with  the  formation  of 
diacetonamine  and  triacetonamine  (p.  219).  With  hydroxylamine, 
however,  the  ketones  yield  (Jf)  ketoximes  (p.  219)  and  (r)  with  phenyl- 
hydrazine  they  form  hydrazones  (p.  220).  In  these  respects  they  re- 
semble the  aldehydes  (p.  207). 

10.  When  phosphorus  trichloride  acts  upon  acetone  hydrochloric 

PCL-O 
acid  is  evolved,  and  there  results  the  compound  I        I 

CHg.CO.CH— C(CH,), 

(B.  17,  1273;  18,898). 

11.  Phosphorus  pentachloridey  phosphorus  trichlor-dibromide,  and 
phosphorus  tribramide  replace  the  oxygen  of  the  ketones  by  two  chlo- 
rine or  two  bromine  atoms. 

This  reaction  answers  for  the  preparation  of  dichlor-  or  dibrom-paraffins  in  which 
an  intermediate  C-atom  carries  the  two  halogen  atoms.  As  these  ketone  chlorides 
readily  exchange  their  chlorine  for  hydrogen,  they  constitute  a  means  of  converting 
the  ketones  into  the  corresponding  paraffins. 

12.  The  hydrogen  atoms  of  the  alkyl  groups  present  in  the  ketones  can  be  re- 
placed by  chlorine  and  bromine. 

13.  The  lower  members  of  the  series  of  aldehydes  showed  a  great 
tendency  to  polymerize,  but  no  ketone  has  been  known  to  do  this. 
Ketones,  in  contrast  to  aldehydes,  are  symmetrically  constructed. 

14.  By  the  action  of  amyl  nitrite  and  sodium  ethylate  or  hydrochloric  acid  upon 
the  ketones,  isonitrosoketones  result ;  these  contain  the  CH  or  CH,  groups,  together 
with  the  CO-group. 

Ntuieus-synthetic  Reactions  of  the  Ketones, — Reactions  of  this  class  were  observed 
in  the  action  of  ammonia  and  of  phosphorus  trichloride,  in  the  presence  of  aluminium 
chloride,  upon  acetone  (compcue  9  and  lo).  The  latter  is  capable  of  such  deport- 
ment.    The  following  are,  however,  more  important : 

(i)  Just  as  two  aldehyde  molecules  condense  to  aidoi^  so  aldehyde  or  chloral  will 
unite  with  acetone,  forming  hydracetyl acetone  and  trichlorhydracetyl  acetone  (see  this) : 

CH, .  CQJ  4-  CH, .  CO .  CH,  =  CH, .  CH<^^^  ^q    ^^^ 

Acetone  will  also  condense  with  other  aldehydes, — e,  g, ,  benzaldehyde.  But  it  is 
impossible  to  fix  the  ketone-alcohols  which  form  at  first.  There  u  an  exit  of  water, 
and  unsaturated  derivatives  are  produced,  just  as  in  the  condensation  of  two  mole- 
cules of  aldehyde  to  crotonaldehyde.  Thus,  two  molecules  of  acetone,  in  the  presence 
of  ZnCI,.  HCl,  SO4H,,  unite  directly  with  the  exit  of  water  and  the  formation  of 
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nically  it  is  prepared  by  the  distlltatioD  of  calcium  acetate,  or  from 
crude  wood  spirit. 

It  is  also  foimed :  by  (he  oxidation  of  isopropjl  alcohol.  Lsotmtj tie  acid,  aod  a-oxy- 
iMbniyric  acid,  by  hotiiig  chlotacetol  and  bromscetol,  CH,CBr,CH„  with  water  to 
200", 

W«  would  nstarallf  expect  an  alcohol.  CH, .  C(OH)  :CH,.  to  be  foimed  here, 
bal  a  IranipositioD  of  atoms  occurs  and  acetone  resalts  (see  p.  53).  Acetone  ia 
timilarly  formed  from  allytene,  CU,.  C  J  CH,  b;  action  of  sulphuric  acid  or  HgBTj 
in  the  presence  of  water  (p.  98). 

It  results  further  in  the  action  of  dnc  methide  upon  acetyl  chloride;  compare  gta- 
etal  methods  for  the  preparation  of  ketones,  page  zio. 

Acetone  is  a  mobile,  peculiar-smelling  liquid,  having  a  sp.  gr.  of 
0.7930  at  30°.  It  is  miscible  with  water,  alcohol,  and  ether.  Cal- 
cium chloride  (or  potash)  sets  it  free  from  its  aqueous  solution. 

It  is  an  excellent  solvent  for  many  carbon  compounds.  Its  most 
important  reactions  were  described  under  the  transformations  of  the 
ketones  (p.  211),  as  well  as  its  deportment  toward  nascent  hydrogen, 
oxidizing  agents,  amyl  nitrite,  hydrogen  sulphide,  meicaptans  and 
hydrochloric  acid,  alkali  bisulphites,  ammonia,  hydroxy lamine, 
phenythydrazine,  phosphorus  penlachloride,  halogens,  condensation 
agents,  hydrocyanic  acid,  chloroform,  and  caustic  potash.  See  ^-allyl 
alcohol,  page  131,  for  the  action  of  sodium  upon  acetone. 

Acetone  is  used  in  the  preparation  of  sulp/ional {\i.  aiS),  chloroform 
(p-  334)1  *nd  iodoform  (p.  335),  The  production  of  iodoform  serves 
for  the  detection  of  acetone  (B.  13,  1001 ;  14,  1948  ;  17,  R.  503  ;  29, 
R.  1006),  For  other  reactions  answering  for  its  detection,  constilt 
B,  17,  R,  503;  18,  R.  195 ;  A.  aas,  143. 

Cyeleafitoru  Supfrexidt,  (C,H,0,)„  melting  ai  97°,  Is  produced  bj  the  Interaction 
of  equimolecular  qiuntities  of  acetone  and  hydn^en  peroxide  to  concentrated  soln- 
tion.  It  cijslallizes  beautifully,  is  iosoluble  in  water,  but  dissolves  readily  in  benzene 
and  ia  ether.     It  explodes  when  strock  or  when  heated  (Ch.  Ztg.  1896,1,  156). 

Homologuea  of  Acetone. — (a)  Simph  Kitanti.  Usually  prepared  by  the  dis- 
tillation of  the  calcium  or  barium  salts  of  the  corresponding  adds. 


n™. 

Formula. 

M.P. 

B.P. 

IMetbyl   Ketone,   Prefumt  [3.PenU- 
Di-n-Propyl  Ketone,  Bulyron,     .    .    . 

CO  CH(t,"H,),], 
CO  C,H„), 
CO  C,H„1- 

CO|C„H„^ 

_ 

48- 

i 

io3» 
I44» 

2360 

Teipa  eihyi  Acetone, 

365" 

cS^.'- :::::;:;::: 

L.Si«,e, 

2l6 
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Diethyl  ketone  is  prodaced  from  carbon  monoxide  and  potassium  ethide  (p.  184). 
Tetramethyl-  and  tetraethyl-acetone  have  been  obtained  as  decomposition  products 
of  penta-methyl  and  penta- ethyl phloroglucin^  when  these  bodies  were  oxidized  by  ab 
(B.  as.  R.  504). 

(b)  Mixed  Ketones.  Most  of  the  members  of  this  class  are  made  by  the  distflla- 
tion  of  the  barimn  salts  of  the  corresponding  acids  with  barium  acetate  (p.  209). 


Name. 


Methyl  Ethyl  Ketone  [Butanon],  .  . 
Methyl  Propyl  Ketone  [2-Pentanon], 
Me^yl    Isopropyl    Ketone    [Methyl 

fttanon],  

Pinacoline,   Methyl    Tertiary  Butyl 

Ketone, 

Methyl  Oenanthone,  Methyl    Hexyl 

Ketone, 

Methyl  Nonyl  Ketone, 

Methyl  Decyl  Ketone, 

Methyl  Undecyl  Ketone  from  Laurie 

Acid, 

Methyl  Dodecyl  Ketone, 

Methyl  Tiidecyl  Ketone  from  Mjrristic 

Acid 

Methyl  Tetradecyl  Ketone,  .... 
Methyl  Pentadecyl  Ketone  from  Pal- 
mitic Acid, 

Methyl  Hexadecyl  Ketone  from  Mar^ 

garic  Acid, 

Methyl     Heptadecyl    Ketone     from 

Stearic  Acid 


Formula. 

M.  p. 

B.P. 

CH, .  CO .  CjHj 

8i« 

CH, .  CO .  CjHy 

— 

102* 

CH, .  CO .  CH(CH,), 

— 

96" 

CH, .  CO .  C(CH,), 

— 

lOfio 

CH, .  CO .  C«H|, 

a^B 

171" 

CH, .  CO .  C,H., 
CH, .  CO .  CiqH^i 

+  150 

225* 

210 

2470 

CH, .  CO .  C,iH„ 

28» 

263' 

CH, .  CO .  C|,H,g 

34" 

(207«) 

CH, .  CO .  Ci,H„ 

39" 

(224") 
(«3«") 

CH, .  CO .  C|^H|p 

43" 

CH, .  CO .  CjjHji 

48" 

(244") 

CH, .  CO .  Cjf  H„ 

52" 

(2S2») 

CH, .  CO .  q^Hjj 

55" 

(26S") 

The  boiling  points,  inclosed  in  parentheses,  were  determined  under  100  mm. 
pressure. 

Pinacoline  is  obtained  by  the  withdrawal  of  water  from  pinacone,  called  hexyler^e 
glycol,  from  tetramethyl  glycol  (CH,),C(OH)  .  C(OH)(CH,),.  and  from  trimethyl 
acetyl  chloride  and  zinc  methide  (p.  209).  When  oxidized  with  chrtimic  acid,  it 
breaks  down  into  trimethyl  acetic  acid  and  formic  acid.  Potassium  permanganate 
converts  it  into  trimethyl  pyroracemic  acid  (see  this).  Pinacolyl  alcohol  'p.  129)  is 
the  product  of  its  reduction.     Homologous  pinacones  3rield  homologous  pinacolines  ; 

thus,  methyl  ethyl  pinacone,    ^^»>C(OH) .  C(OH)<^  ,  yields  ethyl  tertiary 

(CH,)  *    '  ' 


amyl  ketone^  ^C .  CO .  C^H^,  boiling  at  lSO*>. 


C,H, 


/ 


Methyl-nonyl  Ketone  is  the  chief  constituent  of  oil  of  rue  (from  Ruta  grave* 
olens) ;  it  may  be  extracted  from  this  by  shaking  with  primary  sodium  sulphite. 


I.  HALOGEN  SUBSTITUTION  PRODUCTS  OP  THE  KETONES.  PARTICU- 
LARLY ACETONE. 

Monochloracetone,  CH, .  CO .  CH,C1,  boiling  at  119^,  is  obtained  by  conduct- 
ing chlorine  into  cold  acetone  (A.  279,  313),  in  the  presence  of  marble  (B.  a6,  597). 
Its  vapors  provoke  tears. 

There  are  two  possible  Dichloracetones,  C,H^C1,0:  {a)  CH,.  CO.  CHCl,  and 
(J3)  C}igC\.  CO.  CH^Cl.      The  first  is  formed  on  treating  warmed  aeetooe  with 
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chlorine,  and  is  obtained  from  dicbloraceto-acetic  ester  (B.  15,  1 165).  It  boils  at 
120^.  The  /3-dichloracetone  is  obtained  by  the  chlorination  of  acetone  and  in  the 
oxidation  of  a-dichlorhydrin,  CH,C1 .  CH(OII).  CH^Cl  (see  glycerol),  with  potas- 
sium dichromate  and  sulphuric  acid.     It  melts  at  45°,  and  boils  at  172°-! 74^. 

Symmetrical  Tetrachloracetone,  CHCl,.  CO.  CHCl,  +  2H,0,  is  readily  ob- 
tained by  the  action  of  potassium  chlorate  and  hydrochloric  acid  upon  chloranilic 
acid  (B.  ai,  318)  and  triamidophenol  (B.  aa,  R.  666),  or  of  chlorine  upon  phloro- 
glucin  (B.  aa,  1478).  It  melts  at  48°.  Unsymmetrical  Tttrachloracetone,  CH^CI . 
CO .  CClg,  boiling  at  183°,  is  produced  by  the  action  of  chlorine  upon  isopropyl  alcohol 
(B.  a8,  R.  61).  PenUcbloracetone,  CHCl,.  CO .  CC1„  boiling  at  193^,  is  obtained 
from  chlorine  and  acetone  (A.  ayg,  317). 

Monobromacetone,  CH,Br .  CO .  CH,,  boils  at  31*'  (8  mm.)  (B.  ag,  1555). 
Perbromacetone,  CBr^ .  CO .  CBr„  melting  at  1 10^-111°,  is  obtained  from  triamido- 
phenol (B.  10,  ii47)>  and  bromanilic  acid  (B.  ao,  2040;  ai,  2441)  by  means^f 
bromine  and  water.  . 

lodoacetone,  CH.  .CO.CH,I,  boiling  at  58°  (11  mm.)  is  produced  when 
potassium  iodide  in  methyl  alcohol  solution  acts  upon  mono-chloracetone  ( B.  ag,  1557). 
It  is  a  heavy  oil  with  a  disagreeable  odor  (B.  18,  R.  330). 

/3-Di-iodoacetone,  CH,I .  CO.  CH,!,  forms  when  iodine  chloride  acts  upon 
acetone. 

p-Cklon'sobutyl methyl  Ketone,  (CH,),.  CQ.CH,. CO .CH,,  and  Di-^'chloHso- 
butyl  Ketone,  (CHj),CCl .  CH,  .  CO .  CH,CCl(CHj)2,  are  the  readily  decomposable 
addition  products  of  mesityl  oxide  and  phorone  with  hydrochloric  acid.  u-Brombutyl- 
metky I  Ketone^  see  Acetobutyl  alcohol. 

y-Dibrom- ketones  are  prepared  from  the  oxetones  (see  these)  by  the  addition  of 
2HBr,^.^. :  y-Dibromhutvl  Ketone,  (CH^CHBr.  CH,. CH,),CO,  is  formed  from 
dimethyl  oxetone  and  2HBr,  or  by  the  addition  of  2 H Br  to  diallyl  acetone  (p.  221). 
a-Duhlor-ketones  are  discussed  with  the  diketones. 


a.  ALKYL  ETHERS  OP  THE  ORTHO-KETONBS. 

The  ketones  may  be  regarded  as  the  anhydrides  of  hypothetical  glycols,  which  bear 
the  same  relation  to  the  ketones  that  the  orthocarbonic  acids  sustain  to  the  carbonic 
acids.  In  this  sense  it  is  then  permissible  to  speak  of  ortho-ketones.  Their  alkyl 
ethers,  corresponding  to  the  acetals.  are  produced  by  heating  the  )3-diethoxy-carbonic 
acids,  and  also  from  acetone  by  means  of  orthoformic  ester  (Claisen,  B.  29,  1007) : 

CH, .  C(0  .  C,H5),CH, .  CO,H ^  CH, .  C(0 .  CjHj), .  CH,  -f  CO, 

CH, .  CO .  CH,  4-  HC(0 .  CjHj), ^  CH, .  C(0  .  C,H5)3CH,  -f-  HCOjC^Hj. 

Ortko-acetom  Methyl  Ether^  (CHj,),C(0 .  CH,),,  boils  at  83°.  Ortho-acetone 
Ethyl  Ether,  boiling  at  114°,  is  a  liquid  with  an  odor  resembling  that  of  camphor. 
These  substances  are  stable  when  alone.  Water  or  a  trace  of  mineral  acid  causes 
them  to  break  down  into  ketones  and  alcohols. 


3.  KETONE  HALOIDS 

Are  prodaced,  as  mentioned  on  page  213,  by  the  action  of  PCIg,  PCl,Br„  and  PBr, 
iqxm  ketones. 

Acetone  chloride,  Chloracetol,  CH,.  CCl, .  CH,,  boils  at  70^  ;  sp.  gr.  1.827  at 
\iP.  Bromacetol  boils  at  114°;  sp.  gr.  1. 8149  fo°).  Methyl-ethyl  dichlor- 
methane,  CH, .  CCl, .  C,H(,  boils  at  96°.  Methyl-etbyl  dibrommethane  boils 
at  144^'.  Methyl  tertiary  butyl  dichlormethane,  CH, .  CCl, .  C(CH,)„  boils  at 
15 1^ 

»9 
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4.  SULPHUR  DERIVATIVES  OP  THE  PARAPPIN  KETONES. 

A.  Thioketones  and  their  Sulphones. — When  hydrogen  sulphide  acts  upon 
a  cold  mixture  of  acetone  and  concentrated  hydrochloric  acid,  thfc  first  product  is  a 
volatile  body  with  an  exceedingly  disagreeable  odor,  which  disseminates  itself  aston- 
ishingly rapidly.  It  is  probably  simple  thio-acetone,  which  has  not  been  further 
investigated.     The  final  product  of  the  reaction  is — 

yS — 7C(CH,), 
Trithioacetone,  (CH,),C        S  ^  ,  melting  at  24**,  and  boiling  at  150^ 

\S_^C(CH,), 
(13  mm.).     Potassium  permanganate  oxidizes  It  to — 

Trisulphone  Acetone,  [(CH,),CSO,],,  melting  at  502^'.  When  distilled  at  the 
ordinary  pressure  it  is  converted  into 

Dithioacetonc,    (CHj),C<|>C(CH,)„    boiling  at   183-1850.      This  is  also 

formed  in  the  action  of  phosphorus  trisulphide  upon  acetone.  It  is  converted,  by 
oxidation,  into — 

Disulphone  Acetone,  [(CH,),CSO,],,  melting  at  220-225^. 

B.  Mercaptols  and  their  Sulphones. — Although  the  ketone  derivatives  corre- 
sponding to  the  acetah  can  not  be  derived  from  ketones  and  alcohols  by  the  with- 
drawal of  water,  it  is  possible  to  obtain  the  mercaptols— iht  ketone  derivatives  corre- 
sponding to  the  mercaptals^'m  this  manner,  but  best,  however,  by  the  action  of 
hydrochloric  acid  upon  ketones  and  mercaptans : 

(CH,),CO  -f  2C,H5SH  ^^ >-  (CH,),C(SC,H4),  -f  H,0. 

Like  the  mercaptals,  they  are  liquids  with  unpleasant  odor. 

Acetone  Ethyl  Mercaptol,  Dithioethyl  dimethyl  methane^  (CHg),C(SC,Hj),, 
boiling  at  190-191°,  may  be  prepared  from  mercaptan.  However,  to  avoid  the  very 
intolerable  odor  of  the  latter,  sodium  ethyl  thiosulpbate  and  hydrochloric  acid  are 
used  (p.  153).  It  combines  with  methyl  iodide  (B.  19,  1787;  23,  2592).  By  this 
means,  from  a  series  of  simple  and  mixed  ketones,  corresponding  mercaptols  have 
been  made,  and  in  nearly  all  instances  they  have  been  oxidized  to  the  corresponding 
sulphones,  some  of  which  possess  medicinal  value. 

Sulphonal,  Acetone  Diethyl  Sulphone,  (CHj),C(SOjC,H5)„  melting  at  1 26®,  was 
discovered  by  Baumann,  and  introduced  into  medicme,  as  a  very  active  sleep- 
producing  agent,  by  Kast  in  1888.  Acetone  mercnptol  is  oxidized  to  it  by  potas- 
sium permanganate : 

(CH3), .  C(SC,H,), ^^— ->  (CH3),C(SO,C,H5),. 

Sodium  hydroxide  and  methyl  iodide  (A.  253,  147)  acting  upon  ethidene  diethyl 
sulphone  (p.  204)  produce  it : 

CH,CH(S0,C,H5),- ^*^->CH,  CNa(SO,C,Ha),   ^"'^     >(CH,),C(SO,C,H,),. 

Trional,     Methyl  ethyl    ketone-diethyl    sulphone ^    diethyl- sulphone-methyl-ethyl- 

methane,    (^|J*>C(SO,C,Il5)„  melting  at  75°;   Tetronal,   Propume-diethyl  ml. 

phone,  (^3Hg),C(S0,C,Hg)„  melting  at  85°;  Propione-dimetbyl  Sulphone, 
(C,H5),C(SO,CH3^,,  melting  at  I32*>-I33®,  and  other  ^*  sulphonals**  are  prepared 
similarly  to  sulphonal,  and  act  in  like  manner.  However,  Acetone-dimethyl 
Sulphone,  (CH3)3C(SOyCH,)|,  not  containing  an  ethyl  group,  no  longer  acts  like 
sulphonal. 

C.  Oxysulphonic  Acids  of  the  Ketones. — The  alkali  salts  of  these  adds  are 
the  addition  compounds  produced  by  the  union  of  the  ketones  with  the  alkaline 

bisulphites,  ^.^.,  sodium  acetone -oxysulphonate,  (CH,),C<<Qji       (p.  213). 
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5.  NITROQEN  DERIVATIVES  OP  THE  KETONES. 

A.  Nitro-compounds. — Pseudoniirols  {p,  157)  and  Mesodimiroparaffins  {^,  158) 
have  already  been  discussed  after  the  mononitroparaffins. 

B.  Ammonia  and  Acetone  (Heintz,  A.  174,  133;  198,  42). — ^Two  bases  result 
from  the  action  of  ammonia  upon  acetone :  diacetonamine  and  triacetonamine. 
It  may  be  supposed  that  the  ammonia  causes  the  acetone  to  condense,  just  as  the 
alkalies  and  alkaline  earths  do,  and  that  acetone  ammonia,  an  intermediate  product, 
combines  with  the  ammonia,  or  ammonia  with  mtsityl  oxide^  to  yield  diacetonamine, 
which  by  further  treatment  with  acetone  is  changed  to  triacetonamine,  or  when  acted 
upon  by  aldehydes  passes  into  vinyldiacetonamine  (B.  17,  1788),  or  into  a  d-lactam 
through  the  agency  of  cyanacetic  ester  (B.  a6,  R.  450) : 

^|J»>C  =  CH .  CO .  CH,  +  NH,  =  ^|;J»>C— CH, .  CO .  CH, 

Mesityl  Oxide  Diacetonamine 

^|J«>C— CH,.CO.CH,  +  CO<^2»  =  ^^•>C.CH,.CO.CH,-C<^U»  +  H,0 

NH,  '  *     ^^^'^^^--...^^^..--""^^ 

NH 
Diacetonamine  Triacetonamine 

^2'>C— CH,.CO.CH,  +  CHO.CH,  =  ^j[J«>C— CH,.CO.CH,.CH.CH,  +  H,0 

NH,  *      ^  ^ 

NH 
Vinyldiacetonamine. 

Diacetonamine  is  a  colorless  liquid,  not  very  soluble  in  water.  When  distilled 
it  decomposes  into  mesityl  oxide  and  NH, ;  conversely,  mesityl  oxide  and  NH,  com- 
bine to  form  diacetonamine  (B.  7,  1387).  It  reacts  strongly  alkaline  and  is  an  amide 
base,  forming  crystalline  salts  with  one  equivalent  of  acid.  If  potassium  nitrite  be 
allowed  to  act  on  the  W:\'%2!lK,  diaceione  alcohol,  (CHj),C(OH).CH,.  CO.  CHj. 
results ;  this  loses  water  and  becomes  mesityl  oxide.  For  the  urea  derivatives  01 
acetone,  consult  B.  27,  377. 

A  chromic  acid  mixture  oxidizes  diacetonamine  to  amidoisobutyric  acid,  (CH,), .  - 
C(NH,) .  CO,H(Propalanine),and  amidoisovaleric  acid,(CH,),C(NH,)CH, .  CO,H. 

Triacetonamine  crystallizes  in  anhydrous  needles,  melting  at  39.6^.  With  one 
molecule  of  water  it  forms  large  quadratic  plates,  fusing  at  58°.  It  is  an  imide  base 
(p.  167)  with  feeble  alkaline  reaction ;  potassium  nitrite  converts  its  HG-salt  into 
the  nitroso-amine  compound,  CLH,,(NO)NO,  which  fuses  at  73**  and  passes  into 
pborone  when  boiled  with  caustic  soda.  Hydrochloric  acid  regenerates  triaceton- 
amine from  the  nitroso-derivative. 

By  the  addition  of  2H  to  triacetonamine,  converting  the  CO  group  into  CH .  OH, 
there  resolts  an  alkamine,  C^H,,NO,  which  may  be  viewed  as  hydroxy-tetramethyl 
piperidine.  By  the  abstraction  of  water  from  this,  the  base  C^Hj^N,  triacetonine, 
bMlbg  at  146^,  results.  This  approaches  tropiditie,  CgH„N,  veiy  closely  (B.  16, 
2236;  17,  1788). 

ik-Methyl'triaceUmamin€9sA  allied  bases  (B.  28,  R.  160)  are  formed  when  phorone 
is  treated  with  primary  amines. 

C.  Ketoximes  (V.  Meyer). — In  general,  the  ketoximes  are  formed 
with  greater  difficulty  than  the  aldoximes.  It  is  usually  best  to  apply 
the  hydroxylamine  in  a  strongly  alkaline  solution  (B.  32,  605;  A. 
24X1  187).     They  are  also  produced  when  the  pseudon  it  riles  are  re- 
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duced  by  free  hydroxylamine  or  potassium  sulphydrate  (B.  a8,  1367 ;  29, 
87,  98).  They  are  very  similar  in  properties  to  the  aldoximes.  Acids 
resolve  them  into  their  components,  while  sodium  amalgam  and  acetic 
acid  convert  them  into  primary  amines  (p.  161).  They  are  charac- 
teristically distinguished  from  the  aldoximes  by  their  deportment 
toward  acid  chlorides  or  acetic  anhydride,  yielding  in  part  acid  esters, 
and,  again,  by  the  same  reagents,  as  well  as  by  HCl  in  glacial  acetic 
acid;  being  changed  to  acid  amides  (Beckmann's  transposition,  B.  20, 
506,  2580  ;  compare  also  B.  24,  4018) : 

CH     CH     Ch'>^"  =  ^^" ^  ^^»  •  ^^  •  NHCH, .  CH, .  CH,. 

Methyl  Propyl  Ketoxime  Acetpropylamide. 

Nitrogen  tetroxide  converts  the  ketoximes  into  pseudonitrols  (p.  158). 

Ketoximes  combine  with  hydrocyanic  acid  to  form  nitriles  of  a-amidoxjl  carboxjUc 
acids  (B.  29,  62). 

Acetoxime,  (CH,),C:  NOII,  melting  at  59-60^'  and  boiling  at  135^,  smells  like 
chloral.     It  dissolves  readily  in  water,  alcohol,  and  ether  (B.  ao,  1505). 

I  lypochlorous  acid  converts  acetoxime  into  hypochlorous  ester,  (CH,),C :  N .  OCl, 
a  liquid  with  an  agreeable  odor.  It  boils  at  134°.  It  explodes,  however,  wheo 
rapidly  heated  (B.  ao,  1505). 

The  hydroxyl  hydrogen  present  in  acetoxime  may  be  replaced  by  acid  radicab 
through  the  agency  of  acid  chlorides  or  anhydrides  (B.  24,  3537).  With  sodium 
alcoholate,  the  sodium  derivative  results,  which  yields  the  alkyl  ethers,  (CH,),- 
C :  N .  OR,  when  acted  upon  by  the  alkylogens.  On  boiling  these  ethers  with  acids, 
acetone  and  alkylized  hydroxyl  amines,  NH,OR  (B.  16,  170),  are  produced.  The 
higher  acetoximes  show  a  perfectly  analogous  deportment. 

Methyl -ethyl-ketoxime  boils  at  152-153^.  Methyl-n-propyl  Ketoxime  is 
an  oil  with  agreeable  odor.  Methyl-isopropyl  Ketoxime  boils  at  157-158^. 
Methyl-9t' butyl  Ketoxime  boils  at  185®.  Methyl  tertiary  butyl  Ketoxime  melts  at  74- 
75°.  Ti-Butyronoxime  boils  at  190-195°.  Isobutyranoxime  melts  at  6-8*  and  boils  at 
181-185°.  Methylnonyl  Ketoxitue  melts  at  42°.  Caprylonoxime  melts  at  20°. 
Nonyhxime  melts  at  12°.  Lauronoxime^  (Cj|H2,),C:  N  .OH,  melts  at  39-40°. 
Myristonoximey  (C,.,H^)jC:  N  .  OH,  melts  at  51°.  Palmitonoxime,  (Cj^H,,),- 
C  :  N  .  OH,  melts  at  59°.     Stearonoxime,  (C^Hj^jjC :  N  .  OH,  melts  at  62-63°. 

D.  Ketazines  (Curtius  and  Thun). — An  excess  of  hydrazine  acthig  apon  the 
ketones  produces  the  unstable,  secondary  uosjrmmetrical  hydrazines,  which  even  in 
the  cold  readily  become  ketazines,  quite  stable  toward  alkalies  (B.  25,  R.  80). 
Dimethyiketazine  in  contact  with  maleic  acid  changes  to  the  isomeric  trimethyl 
pyrazoline  (B.  27,  770) : 

(CH,),C  =  N  N  =  CCH, 

(CH,),C  =  N  ^  HN        ^H, 

C(CH,),. 

Bisdimethylazimethylene,  dimethyiketazine,  [(CH,),C:  N— ]„  boils  at  131°; 
Bismethylethylazimethylene  boils  at  168-172°;  Bismethylpropylajimethyl- 
ene  boils  at  195-200° ;  Bismethylhexylazimethylene  boils  at  290° ;  BisdieUiyl- 
azimethylene  boils  at  190-195°. 

£.  Ketone -phenylhydrazones  (E.  Fischer,  B.  x6,  661 ;  17,  576;  ao,  513; 
2Z,  984). — These  compounds  result  by  the  action  of  phenylhydrazine  apon  the 
ketones.  The  phenylhydrazine  is  added  to  the  ketone  until  a  sample  of  the  mixture 
no  longer  reduces  an  alkaline  copper  solution.  They  behave  like  the  aldehyde 
phenylhydrazones  (p.  207). 
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Acetone-phenylhydraxone,  (CH,),C :  N,HC,H^,  melts  at  16**  and  boils  at  165^* 
(91  mm.). 

Methyl-n-propylketone-phenylhydrazone,  (CH,)(C,Hf)C:  N,HC,H(,  boils 
at  aos-zoS**  (100  mm.). 


3B.  OLEPINB  AND  DIOLEPINB  KETONES. 

Such  bodies  have  been  obtained  by  the  direct  condensation  of  acetone :  tnesUyl 
oxide  WDAphorom  (p.  214).  They  have  also  resulted  from  i,3-ketone  alcohols  by 
the  elimination  of  water. 

Ethidene  Acetone,  CH,CH  =  CH .  CO .  CH„  boils  at  I22<*.  It  has  a  pene- 
trating odor  like  that  of  crotonaldehyde.  It  is  formed  when  kydracetylacetone  (see 
this)  is  boiled  with  acetic  anhydride  (B.  25, 3166).  Heptachlorethidene  Acetone, 
CHCl,CCl  =  CCl.CO.CCI„  boils  at  i82-i8s*>  (13-15  mm.).  It  results  when 
trichloracetyl  tetrachloracetone  is  heated  with  water  (B.  25,  2695). 

Mesityl  Oxide,  (CH,),C  =  CH  .  CO .  CH,,  boiling  at  I30<',  is  a  liquid  smelling 
like  peppermint.  Phorone,  (CHg),C  =  CH .  CO .  CH  =  C(CH,)„  melte  at  28**  and 
boils  at  196''.  These  are  formed  simultaneously  on  treating  acetone  with  dehydrating 
agents,  e.g.^  ZnCl,,  H^SO^,  and  HCI.  Hydrochloric  acid  is  best  adapted  for  this 
purpose,  the  acetone  being  saturated  with  it,  while  it  is  cooled.  The  hydrochloric 
acid  addition  products,  (CH,),CC1 .  CH, .  COCH,  and  (CH,),CC1 .  CH, .  CO .  CH, .  - 
CG(CH,),,  are  decomposed  by  caustic  alkalies,  and  the  mesityl  oxide  and  phorone 
then  separated  by  distillaiion.  When  acetone  is  condensed  by  lime  or  sodium 
ethylate  there  Is  produced  along  with  the  mesityl  oxide  a  cyclic  ketone  isomeric  with 
phorone.  It  is  called  isopborone.  Camphor-phorone  is 'also  isomeric  with  these 
two  phorones.  Mesityl  oxide  combines  with  ammonia  to  diacetonamine  (p.  219), 
and  with  hydrazine  to  trimethyl  pyrazoline.  Mesityl  oxide  is  also  produceid  when 
diacetone  alcohol  (see  this)  and  diacetonamine  (p.  219')  are  heated  alone;  also  to- 
gether with  acetone  when  phorone  is  heated  with  dilute  sulphuric  acid,  which 
eventually  causes  it  to  break  down  into  two  molecules  of  acetone,  as  the  result  of 
water  absorption  (A.  xSo,  I) ;  also  by  the  action  of  isobutylene  upon  acetic  anhy- 
dride in  the  presence  of  a  little  ZnCl,  (B.  27,  R.  942).  Mesityl  oxide  takes  up  two 
and  phorone  four  bromine  atoms ;  both  jrield  oximes  with  hydroxylamine. 

Historical, — Kane  discovered  mesityl  oxide  in  1838,  when  he  obtained  it,  together 
with  mesitylene,  by  the  action  of  concentrated  sulphuric  acid  on  acetone.  At  that 
time  he  regarded  acetone  as  alcohol,  and  called  it  mesitaleohol.  In  mesityl  oxide  and 
mesitylene,  Kane  thought  he  had  discovered  bodies  which  bore  the  same  relation  to 
mesityl  alcohol  or  acetone  that  ethyl  ether  or  ethyl  oxide  and  ethylene  bore  to  ethyl 
alcohol.  Keknl^  developed  the  formula  (CH,), .  C  =  CH .  CO .  CH,  for  mesityl 
oxide,  which  had  been  suggested  by  Claisen.  Baeyer  discovered  phorone,  and  Claisen 
assigned  to  it  the  formula  (CH,),C= CH .  CO .  CH  =  C(CH,),  (A.  xSo,  i). 

Methylbeptenone,  (CH5),C  =  CH.CH,.  CH,.  CO.  CH„  boiling  at  173°, 
occurs  in  many  ethereal  oils,  e.g,^  citral,  geranium  oil,  etc.  It  is  produced  in  the 
distillation  of  cineolic  anhydride.  It  has  been  synthesized  by  treating  the  reaction- 
product  resulting  from  sodium  acetonylacetone  and  amylene  dibromide,  (CH,),CBr.- 
CH,.  CH,Br,  with  caustic  soda  (B.  29,  R.  590).  It  is  a  liquid  with  a  penetrating 
odor  resembling  that  of  amyl  acetate.  Potassium  permanganate  decomposes  it  into 
acetone  and  laevulinic  acid.  Zinc  chloride  converts  it  into  m-dihydroxylene  (A.  258, 
323:  B.  28,  2115,  2126).  hoamylidene  acetone,  (CH,),CH  .  CH,.  CH=  CH- 
COCH,,  boils  at  \W  (B.  27,  R.  121). 

DiaUylacetone,  CH,  =  CH .  CH,  .  CH, .  CO .  CH, .  CH, .  CH  =  CH,,  boiling 
at  Xl6^  (70  mm.),  b  obtained  from  diallyl-acetone  dicarboxylic  ester  (compare 
oxetones). 

Pseudoiononc  b  a  diolefine-ketone,  and  it  will  be  described  together  with  the 
olefine  terpenes. 
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4.  MONOBASIC  ACIDS. 

The  organic  acids  are  characterized  by  the  atomic  group,  CO .  OH, 
called  carboxyL  The  hydrogen  of  this  can  be  replac^  by  metals  and 
alcohol  radicals,  forming  salts  and  esters.  These  organic  acids  may 
be  compared  to  the  sulphonic  acids,  containing  the  sulpho-group, 
SO, .  OH. 

The  number  of  carboxyl  groups  present  in  them  determines  their 
basicity,  and  distinguishes  them  as  mono-,  di-,  tri-basic,  etc.,  or  as 
mono  ,  di-  and  tri-carboxylic  acids : 

CH..CO.H  CH.<gO.«  ^"'N^'l 

Acetic  Acid  Malonic  Acid  Trtcarballylic  Acid. 

(Monobasic)  (Dibasic)  (Tribasic). 

We  can  view  the  monobasic  saturated  acids  as  combinations  of  the 
carboxyl  group  with  alcohol  radicals ;  they  are  ordinarily  termed /tf//y 
acids.  They  correspond  to  the  saturated  primary  alcohols  and  alde- 
hydes. The  unsaturated  acids  of  the  acrylic  acid  and  propiolic  acid 
series,  corresponding  to  the  unsaturated  primary  alcohols  and  alde- 
hydes, are  derived  from  the  fatty  adds  by  the  exit  of  two  and  four 
hydrogen  atoms. 

They  are  distinguished  as : 

A.  Paraffin  monocarboxylic  Acids,   C.H,bOs,  formic  acid  or  acetic 

acid  series. 

B.  Olefine  monocarboxylic  Acids,   CnH,n_,0„   oleic  or  acrylic  acid 

series. 

C.  Acetylene  monocarboxylic  Acids,  CnH,a_^0„  propiolic  acid  series. 

D.  Diolefine  carboxylic  Acids,  CnH,n-40i- 

Nomenclature. — ^The  "Geneva  nomenclature"  deduces  the  names 
of  the  carboxylic  acids,  just  like  the  alcohols  (p.  iii),  the  aldehydes 
(p.  190),  and  the  ketones  (p.  211),  from  the  corresponding  hydro- 
carbons; thus  formic  acid  is  [methanic  acid]  and  acetic  acid  is 
[ethanic  acid],  etc. 

The  radical  of  the  acid  is  the  residue  in  combination  with  the 
hydroxyl  group : 

CHs.CO—  CH,.CH,.CO—  CH,.  CH,.  CH,.CO— 

Acetyl  Propionyl  Butyryl. 

The  names  of  the  trivalent  hydrocarbon  residues,  which  in  the  acid 
residues  are  united  with  oxygen,  are  indicated  by  the  insertion  of  the 
syllable  *'en  '*  into  the  names  of  the  corresponding  alcohol  radicals: 


Ethenyl  Propenyl  n-Butenyl. 

The  group  CH=,  however,  is  not  only  called  the  methenyl  group, 
but  also  the  methine  group. 
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Review  of  the  Derivatives  of  the  Monocarboxylic  Acids. 

— Numerous  classes  of  bodies  can  be  derived  by  changes  in  the  car- 
boxyl  group.  In  connection  with  the  fatty  acids  mention  will  only 
be  made  of  the  salts.  The  other  classes  of  derivatives  will  be  con- 
sidered as  such  after  the  fatty  acids.     They  are : 

(i)  The  esterSf  resulting  from  the  replacement  of  hydrogen  in  the 
carboxyl  group  by  alcohol  radicals  (p.  253). 

(2)  The  chlorides  (bromides  and  iodides),  which  are  compounds  of 
the  acid  radicals  with  the  halogens. 

(3)  The  acid  anhydrides  (p.  259),  compounds  of  the  acid  radicals 
with  oxygen. 

(4)  The  cuid peroxides  (p.  261). 

(5)  TheMii^  aads{p,  261),  compounds  of  the  acid  radicals  with  SH. 

(6)  The  acid  amides  (p.  262),  compounds  of  the  acid  radicals  with 
NH,. 

(7)  The  acid  nitriles  (p.  266). 
Hence  acetic  acid  yields  the  following : 

I.  CH, .  CO, .  CjHj        2.  CH, .  COa       3.  (CH, .  C0),0       4.  (CH, .  C0),0, 
Acetic  Ethyl  Ester  Acetyl  Chloride  Acetic  Anhydride  Acetyl  Peroxide 

5.  CH, .  COSH  6.  CH, .  CONH,  7.  CH, .  C=N 

ThiaceUc  Acid  Acetamide  Acetonitrile. 

Associated  with  the  acid  haloids,  acid  amides,  and  nitriles  are :  (8)  acid  hydrazides 
(p.  265) ;  (9)  amide  chlorides  (p.  268)  ;  (lo)  imide  chlorides  (p.  2d8)  ;  fll)  imido- 
ethers  (p.  269)  ;  (12)  thioamides  (p.  209) ;  (13)  amidines  (p.  270)  ;  (14)  nydroxamic 
acids  (p.  270)  ;  (15)  nitrolic  acids  (p.  270) ;  (16)  amidoximes  (p.  271). 

8.  CH, .  CO .  NH .  NH,  9.  CH, .  CCl, .  NH,        10.  CH, .  CCl :  NH 

Acctylbydrazioe  Acetamide  Chloride  Acetimide  Chloride 

(unstable)  (unstable) 

.O.C,H,                                  .NH,  .NH, 

1 1 .  CH, .  CC  12.  CH, .  CC  13.  CH, .  CC 

'      "^NH                                      "^S  ^NH 

Acetoitnidoethyl  Ether                      Thioacetamide  Acetamidine 

.OH  .NO,  .NH, 

14.  CH, .  C<  15.  CH, .  C<  16.  CH, .  C< 

^N .  OH  ^NOH  ^N .  OH 

Ethyl  Hydroxamic  Acid  Ethyl  Nitrolic  Acid  Acetamidoxtme. 

(P- 158)  s^— 

Numerous  derivatives  are  also  obtained  by  the  replacspent  of  the 
hydrogen  atoms  in  the  radical  combined  with  hydroxyi  by  other 
atoms  or  groups.  Only  the  halogen  substitution  products  will  be  de- 
scribed under  the  fatty  acids,  after  the  discussion  of  the  various  classes 
mentioned  in  the  preceding  paragraphs. 

The  fatty  acids  can  be  recovered  from  all  of  the  above  classes  of 
derivatives  by  simple  reactions. 

It  has  already  been  indicated,  under  the  oxygen  derivatives  of  the 
methane  hydrocarbons,  that  aldehydes,  ketones,  and  carboxylic  acids 
may  be  considered  as  anhydrides  of  non-existing  diacid  or  triacid 
alcohols,  in  which  the  hydroxyi  groups  are  attached  to  the  same 
carbon  atom  (p.  108).    In  this  exposition  the  alcohols  and  ketones 


.  „■<     crt  were,  for  example,  under  the 

'.vccDoralkyl  ethers  (p.  3i7),ethen 

1.PN  nonexistent  ordinarily  in  the 

:->.  >^:  x  chloral  hydrate  itself  was  Euch 

~-^\:ac.ag  to  the  carboxylic  acids,  can 
.■:  i;own.  The  hypothetical,  trihydric 
.  ».iis  may  be  considered  anhydrides, 
^^esling  tribasic  phosphoric  acid  as 
.  i{'»59)  'S^i  B.  a.  115).  This 
.■c^cti  to  Iheorthoaldehydcsand  ortho- 

-  hypothetical  orthofortnic  acid"  and 
:  .->;eis  of  tribasic  formic  acid,  ai  farmic 
.he  relation  of  orthophosphoric  to  meta- 
:u:^ht  be  termed  metaformic  acid, — and 


.:ti,i 


.OC.H. 


\c  Etbjl 


^    ,  uid  u/dide  corresponding  to  orthoformic  acid 

- ««,  ind  iodoform. 
^^  .1  vnnic  acid  that  the  orlho-atid  derivatives 
,^,  j.^m.    They  will  be  discussed  immediately 
...  -v^  <:i  the  ordinary  formic  acid. 

-   JATVRATBD    ACIDS,    PARAFFIN    IIONO- 
CAXBOXYLIC  ACIDS, 
C,H^t.  ■  CO,H. 
,WH.  is  the  first  member  of  this  series.     The 
v,t  •ish  hydroxyl,  is  called _;&rt«>i/.     This  acid  is 
~    mologues  and  the  unsaturated  monocar- 
ifcsts  not  only  the  character  of  a  nono- 
n  aldehyde.     To  express  in  a  name  its 
might  be  designated  ex^ormaldehyde. 


r 


I.  this  acid  stands  closer  XogtyoxyUe  add, 
til  acetic  acid.  Therefore,  formic  acid 
Mted  before  acetic  acid  and  its  homo- 
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-  character  which  distinguishes  formic 
>m<.>lo);iics,  but  it  is  also  the  absence  of 
r>i|XHiding  to  acetyl  chloride  (see  this) 
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and  acetic  aofaydride  (see  this).  The  withdrawal  of  water  from 
formic  acid  lekds  to  the  formation  of  carbon  monoxide;  this  is  a 
transformation  manifested  by  none  of  the  higher  homologues.  Pnissic 
acid  (hydrocyanic  acid),  the  nitrile  of  formic  acid,  has  an  acid  nature, 
and  therein  differs  from  the  indifferent  nitriles  of  the  homologous 
acids.  Formic  acid  is  twelve  times  stronger  than  acetic  acid.  The 
affinity  constants  from  the  electric  conductivity  show  this  (Ostwald). 

To  formic  acid  will  be  appended  carbon  monoxide^  and  its  nitrogen- 
containing  derivatives,  the  isonitriies  or  carbylamines,  C  ==  N  —  R',  and 
fultninic  acid. 

Formic  Acid,  HCO .  OH  {Acidum  farmicum),  is  found  free  in 
ants,  in  the  case-worm  of  Bombyx  processionea^  in  stinging  nettles, 
in  shoots  of  the  pine,  in  various  animal  secretions  (perspiration),  and 
may  be  obtained  from  these  substances  by  distilling  them  with  water. 
It  is  produced  artificially  according  to  the  usual  methods: 

(i)  By  the  oxidation  of  methyl  alcohol  and  formaldehyde : 

o  o 

H.  CHjOH >-  H .  CHO >-  H.  CO,H. 

(2)  By  heating  hydrocyanic  acid  with  alkalies  or  acids : 

HCN  +  2H,0  =  HCO .  OH  +  NH,. 

(3)  By  boiling  chloroform  with  alcoholic  potash  (Dumas) : 

CHQ,  -f  4KOH  =  HCO .  OK  +  3Ka  +  2H,0. 

(4)  From  chloral  and  (5)  from  propargylic  aldehyde  (p.  209)  and 
caustic  potash  (Liebig) : 

CCl,.  CHO  +  NaOH  =  HCOONa  +  HCa,. 

Worthy  of  mention  is  (6)  the  direct  production  of  formates  by  the 
action  of  CO  upon  concentrated  potash  at  100®.  The  reaction  occurs 
more  easily  if  soda-lime  at  2oo°-2  2o**  (Berthelot,  A.  97,  125  ;  Geu- 
ther,  A.  aoa,  317 ;  Merz  and  Tibiri^a,  B.  13,  718)  be  employed : 

CO  +  NaOH  =  HCO .  ONa. 

(7)  By  action  of  acids  upon  isocyanides  or  carbylamines  (p.  237) : 

CN .  CjHj  +  2H,0  =  H .  CO,H  +  C,HjNH,. 

(8)  From  fulminic  acid  by  means  of  concentrated  hydrochloric  acid 
(see  formyl  chloridoxime,  p.  233).  Hydroxylamine  is  formed  simul- 
taneously : 

C  =  N.  OH  +  2H,0  +  HQ  =  H.  CO,H  +  NH,OH.  HQ. 

(9)  By  letting  moist  carbon  dioxide  act  upon  potassium : 

3CO,  +  4K  +  H,0  =  2HCO .  OK  +  CO,K,  (Kolbe  and  Schmitt,  A  119,  251). 

Fonnates  are  also  produced  in  the  action  of  sodium  amalgam  upon  a  concentrated 
aqueous  ammonium  carbonate  solution,  or  with  the  same  reagent  upon  aqueous  pri- 
mary carbonates ;  likewise  on  boiling  zinc  carbonate  with  caustic  potash  and  sine 
dusL 
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(lo)  The  most  practical  method  of  preparing  formic  acid  consists 
in  heating  oxalic  acid.  This  decomposition  is  accelerated  by  the 
presence  of  glycerol  (Berthelot). 

Oxalic  acid  treated  alone  decomposes  into  carbon  dioxide  and  formic  acid,  or 
carbon  monoxide  and  water ;  the  latter  decomposition  preponderates : 

COOH  ^  HCOjH  +  CO, 

(!xX)H  ^  CO  +  H,0  +  CO,. 

When,  however,  (CjO^H,  -f-  2H,0)  is  added  to  moist  concentrated  glycerol  and 
the  whole  heated  to  loo-i  io°,  oxalic  acid  parts  with  its  water  of  crystallization 
and  unites  with  the  glycerol  to  form  glycerol  formic  ester  : 

fOH  fOH 

C,H.  \  OH  +  C,O.H,  =  C,H.  \  OH  +  CO,  -f  H,0. 

lOH  lO.COH 

On  further  addition  of  crystallized  oxalic  acid  the  latter  again  breaks  up  into  anhy- 
drous acid  and  water,  which  converts  the  glycerol  formic  ester  into  glycerol  and 
formic  acid : 

C,H4(0H), .  (O .  CHO)  -f  H,0  =  C,Hj(OH),  +  CHO .  OH. 

At  first  the  acid  is  very  dilute,  but  later  it  reaches  56  per  cent.  If  anhydrous 
acid  be  employed  at  the  beginning,  a  95-98  per  cent,  formic  acid  is  produced. 

To  obtain  anhydrous  acid,  the  aqueous  product  is  boiled  with  lead  oxide  or  lead 
carbonate.  The  lead  formate  is  then  decomposed,  at  100^,  by  a  current  of  hydrogen 
sulphide.  Or,  formic  acid  of  high  percentage  is  dehydrated  by  means  of  boric  add 
(B.  14,  1709)- 

Formic  acid  is  a  mobile  liquid  with  a  specific  gravity  of  1.22  at  20^ 
and  boils  at  100.6**  (760  mm.).  It  becomes  crystalline  at  o®,  and 
fuses  at  -|-8.6°.  It  has  a  pungent  odor  and  causes  blisters  on  the 
skin.  It  mixes  in  all  proportions  with  water,  alcohol  and  ether,  and 
yields  the  hydrate  4CH,0,  -(-  3^,0,  which  boils  at  107. i®  (760  mm.) 
and  dissociates  into  formic  acid  and  water.  Concentrated,  hot  sul- 
phuric acid  decomposes  formic  acid  into  carbon  monoxide  and  water. 
A  temperature  of  160°  suffices  to  break  up  the  acid  into  carbon  dioxide 
and  hydrogen.  The  same  change  may  occur  at  ordinary  temperatures 
by  the  action  of  pulverulent  rhodium,  iridium  and  ruthenium,  but  less 
readily  when  platinum  sponge  is  employed. 

According  to  its  structure  formic  acid  is  also  an  aldehyde,  as  it  con- 
tains the  group  CHO ;  this  would  account  for  its  reducing  property, 
its  ability  to  precipitate  silver  from  a  hot  neutral  solution  of  silver 
nitrate,  and  mercury  from  mercuric  nitrate,  the  acid  itself  oxidizing 
to  carbon  dioxide  : 

.H         o                        .OH 
HO.  C/      >-  HO .  C<        >-  CO,  +  H,0. 

^O  S3 

Formates^  excepting  the  sparingly  soluble  lead  and  silver  salts,  are  readily  soluble 
in  water.  Lead  formate^  (HCO,),Pb,  crystallizes  in.  beautiful  needles  and  dissolves 
in  36  parts  of  cold  water.  Silver  formate^  HCO,Ag,  rapidly  blackens  on  exporare  to 
Ught. 
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Decamposiiian  0/ Formates, — I.  The  alkali  salts,  heated  carefully  to  250^,  become 
oxalates  with  evolution  of  hydrogen : 

CO.  OK 
2CH0.0K=   I  +H,. 

CO.  OK 

2.  By  ignition  of  potassium  fonnate  with  an  excess  of  alkali  it  decomposes  with 
the  formation  of  a  cvbonate  and  the  liberation  of  pure  hydrogen^  H .  CO,K  +  KOH 
=  KjCO,  +  H,. 

3.  The  ammonium  salt,  heated  to  230^,  passes  voXo  formamide  : 

H  .  COjNH^  — """*^   >  H.CONH,. 

4.  The  siWer  salt  and  mercury  salt,  when  heated,  decompose  into  metal,  carbon 
dioxide  and  formic  add : 

2CH0,Ag  =  2Ag  -f  CO,  -f  H  .  CO,H. 

5.  The  calcium  salt,  when  heated  with  the  calcium  salts  of  higher  fatty  acids,  yields 
aldehydes  (p.  188). 

Monocnlorformic  acid,  CCIO .  OH,  is  regarded  as  chlor-carbonic  acid.  It  will 
be  discussed  after  carbonic  acid. 

Esters  of  Formic  Acid. — Liquids  with  an  agreeable  odor.  They 
are  prepared  from  (i)  formic  acid,  alcohol  and  hydrochloric  or  sul- 
phuric acid ;  (2)  from  sodium  formate  and  alkyl  sulphates ;  (3)  from 
glycerol,  oxalic  acid  and  alcohols. 

Methyl  Formic  Ester  boils  at  32.5^.  Perchlor-methyl  formic  ester, 
CCIO,.  CCl,,  boils ut  i8a-i85<^.  Heated  to  305*^  it  breaks  up  into  carbonyl  chloride, 
C,C1^0,  =  2COCI,.     Aluminium  chloride  converts  it  into  CCl^  and  CO,. 

Ethyl  Formic  Ester  boils  at  54.4°. 

This  ester  serves  in  the  manufacture  of  artificial  rum  and  arrack,  and  for  the  union 
of  the  formyl  group  with  organic  radicals  (see  formyl  acetone,  etc.). 

The  u-propyl  ester  boils  at  8l^  The  n-butyl  ester  boils  at  107^.  For  higher  esters 
consolt  A.  233,  253. 

The  oByl  ester  boils  at  82-83^ 

Formamide,  CHO .  NH„  the  amide  of  formic  acid  (compare  acid 
amides)  is  obtained  (i)  by  heating  ammonium  formate  to  230^  (B.  12, 
973  'y  '5t  9^0))  Of  (2)  ethyl  formic  ester  with  alcoholic  ammonia  to 
100^ ;  (3)  by  boiling  formic  acid  with  ammonium  sulphocyanide  (B. 
x6,  2291).  It  is  a  liquid,  readily  soluble  in  water  and  alcohol,  and 
boils  with  partial  decomposition  at  i92°-i95°.  Heated  rapidly  it  breaks 
up  into  CO  and  NH,;  PjO,  liberates  HCN  from  it.  It  combines  with 
chloral  (p.  197)  to  form  chhral  formamide y  CCl, .  CH(OH)NHCHO, 
melting  at  114-115^,  and  finding  use  as  a  narcotic. 

Mercuric  oxide  dissolves  in  it  with  the  fonnation  of  mercury  formamide,  (CHO .  - 
NH)2Hg.  This  is  a  feebly  alkaline  liquid,  sometimes  applied  as  a  subcutaneous 
injection. 

Ethyl  Pormamide,  CHO .  NH .  C^H^,  is  obtained  from  ethyl  formic  ester;  also 
by  distilling  a  mixture  of  ethylamine  with  chloral : 

Ca, .  CHO  +  NH, .  CjH,  =  CHO .  NH  .  C,H^  +  Ca,H. 
It  boils  at  I99^ 
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Allyl Formatnide  boils  at  109**  (15  mm.)  (B.  28,  1666). 

For  my  I  Hydrazine  t  HCONHNH,,  melting  at  54°,  is  obtained  from 
formic  ester  and  hydrazine.  It  yields  triazole  (B.  27,  R.  801)  when 
heated  with  formamide. 

Diformyl  Hydrazine,  HCONH  .  NH .  COH,  melting  at  Io6^  is  ob- 
tained from  an  excess  of  formic  ester  and  hydrazine,  heated  to  130^ 
(B.  28,  R.  242).  Its  lead  salt  and  ethyl  iodide  yield  Di/armyi  LHeSiyl' 
hydrazine  (B.  27,  2278). 

Hydrocyanic  Acid,  Prussic  Acid,  Formonitrile,  CNH,  the 
nitrile  of  formic  acid  (see  acid  nitriles),  is  a  powerful  poison.  It 
occurs  free  in  an  accumulated  condition  in  all  parts  of  the  Java  tree 
Pangium  edule  (B.  23,  3548).  It  is  obtained  (i)  from  amygdaiin  (see 
this),  a  glucoside  contained  in  bitter  almonds^  which,  under  favorable 
conditions,  takes  up  water  and  breaks  down  into  prussic  acid,  grape 
sugary  and  bitter  almond  oil  or  benzaldehyde  (Liebig  and  Wohler,  A. 
22,  i).  An  aqueous  solution,  thus  obtained,  containing  very  little 
hydrocyanic  acid,  constitutes  the  officinal  aqua  amygdalarum  amar- 
arum;  its  active  ingredient  is  prussic  acid.  (2)  By  the  action  of  phos- 
phorus pentoxide  upon  formamide ;  (3)  synthetically,  by  passing  the 
electric  spark  through  a  mixture  of  acetylene  and  nitrogen  (Berthelot); 
(4)  from  cyanogen  and  hydrogen  under  the  influence  of  the  silent 
electric  discharge ;  (5)  when  chloroform  is  heated,  under  pressure, 
with  ammonia;  (6)  upon  boiling  formoxime  (p.  206)  with  water: 

1.  CmH^NOji  -f  2H,0  =  CNH  -f  CjH.CHO  +  2C,HpO. 
Amygdaiin  Benzaldehyde    Grape  Sagar. 

2.  HCONH, — >-  CNH  -f  H.O 

3.  CH=CH     -f        N,=  2CNH 

4.  CN .  CN       +       H,  =  2CNH 

5.  HCClj  -f  5NH,=  CNNH,  -f  3NH,C1 

6.  H,C  =  N .  OH  =  CNH      +  H,0. 

Hydrogen  cyanide  is  prepared  from  metallic  cyanides,  particularly 
yellow  prussiate  of  potash  or  potassium  ferrocyanide,  by  the  action  of 
dilute  sulphuric  acid : 

2Fc(CN),K^  4-  3SO4H,  =  Fe,{CN),K,  -f  jSO^K,  -f  6CNH. 

The  aqueous  prussic  acid  obtained  in  this  way  is  dehydrated  by 
distillation  over  calcium  chloride  or  phosphorus  pentoxide. 

Historical. — Scheele  discovered  prussic  acid  in  1782.  Gay-Lussac,  in  181 1,  ob- 
tained it  anhydrous,  in  the  course  of  his  memorable  investigations  upon  the  TBdical 
cyanogen.  In  hydrogen  cyanide  he  recognized  the  hydrogen  derivative  of  a  radicml, 
consisting  of  carbon  and  nitrogen,  for  which  he  suggested  the  name  cyAoog^ne 
(«cvavof ,  bluty  yewdUf  to  produce). 

Properties. — Anhydrous  hydrocyanic  acid  is  a  mobile  liquid,  of 
specific  gravity  0.697  at  18°,  and  becomes  a  crystalline  solid  at  — 15®. 
It  boils  at  +26.5**.     Its  odor  is  peculiar,  and  resembles  that  of  oil 
^  bitter  almonds.     The  acid  is  extremely  poisonous. 
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It  is  a  feeble  acid,  and  imparts  a  faint  red  color  to  blue  litmus. 
Carbon  dioxide  decomposes  its  alkali  salts.  Like  the  haloid  acids,  it 
reacts  with  metallic  oxides,  producing  metallic  cyanides.  From  solu- 
tions of  silver  nitrate  it  precipitates  silver  cyanide,  a  white,  curdy 
precipitate. 

Transpositions, — (i)  The  aqueous  acid  decomposes  readily  upon 
standing,  yielding  ammonium  formate  and  brown  substances.  The 
presence  of  a  very  slight  quantity  of  stronger  acid  renders  it  more 
stable.  When  warmed  with  alkalies  or  mineral  acids  it  breaks  up 
into  formic  acid  and  ammonia : 

CNH  +  2H,0  =  CHO.  OH  -f  NH,. 

(2)  Dry  prussic  acid  combines  directly  with  the  gaseous  halogen 
hydrides  (p.  232)  to  form  crystalline  compounds.  With  hydrochloric 
acid  it  probably  yields  Formimide  chloride^  (H .  CCl  =  NH),HCl 
(B.  z6y  352).  The  acid  also  unites  with  some  metallic  chlorides, 
e.  g.y  Fe,Cl„  SbClj. 

(3)  Nascent  hydrogen  (zinc  and  hydrochloric  acid)  reduces  it  to 
methylamine  (p.  162). 

(4)  When  hydrogen  cyanide  unites  with  aldehydes  and  ketones,  the 
double  union  between  carbon  and  oxygen  in  the  latter  compounds  is 
severed,  and  cyanhydrins,  the  nitrites  of  a  oxyacids,  are  produced. 
These,  by  this  means,  are  obtained  by  a  nucleus  synthesis.  This  rather 
important  synthesis  has  become  especially  interesting  for  the  up- 
building of  the  aldoses,  to  which  class  of  derivatives  grape-sugar 
belongs. 

(5)  Prussic  acid,  or  potassium  cyanide,  adds  itself  to  many  a/9-unsat- 
urated  carboxylic  acids,  producing  thereby  saturated  nitrilo  carboxylic 
acids  (A.  293,  338). 

For  further  addition  reactions  of  prussic  acid,  compare  formimido 
ether  (p.  232)  and  isouretine  (p.  233). 

QmsHiutwH. — The  production  of  prussic  acid  from  formamide  on  the  one  side, 
and  its  reconversion  into  ammonium  formate,  are  proofs  positive  of  its  being  the 
nitrile  of  formic  acid  (see  acid  nitriles).  Its  formation  from  chloroform  and  from 
acetylene  argue  also  for  the  formula  H .  r.~N.  The  replacement  of  hydrogen, 
combined  with  carbon,  by  metals  is  shown  also  by  acetylene  (p.  97)  and  other  car- 
bon compounds  containing  negative  groups,  e.  g. ,  tht  m'tro-e/Aanes  {p.  154).  How- 
ever, on  replacing  the  metal  atoms  in  the  salts  by  alkyls,  two  classes  of  derivatives 
are  obtained.  The  one  series  has  the  alkyls  united  to  carbon,  as  required  by  the 
formula  H .  C^N :  nitriles  of  monocarboxylic  acids,  e.  g. ,  CH, .  CN.  In  the  other 
class  the  alkyls  are  joined  to  nitrogen :  isonitriles  or  carbylamines^  ^.^.,  C  =  N .  CH,. 
The  latter  are  nitrogen-containing  derivatives  of  carbon  monoxide,  and  will  be  dis- 
cussed after  this  body.  In  many  respects  the  deportment  of  prussic  acid  recalls 
that  of  the  isonitriles,  hence  in  recent  years  the  formula  HN  =  C  has  also  been 
brought  forward  for  it,  and  many  of  the  reactions  of  potassium  cyanide  conform 
better  with  the  isonitrile  formula,  K  .  N  =  C,  than  with  K  .  C^N,  the  formula  usually 
aasigoed  to  this  salt  (A.  287,  263).  The  formation  of  acetonitiile  from  prussic  acid 
and  diazomethane  argues  for  the  nitrile  formula  of  hydrogen  cyanide  (B.  28,  857). 

Detection. — ^To  detect  small  quantities  of  free  prussic  acid  or  its  soluble  salts, 
saturate  the  solutioii  under  examination  with  caustic  potash,  add  a  solution  of  a 
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ftmmt  nl),  <a)luDuig  tome  rerric  ult,  tnd  boil  for  ■  iboil  lime.  Add  hjdrochloric 
•.-T.I  h>  dioolTe  (be  predpiuled  iron  oxidei.  If  tnj  insotublc  FnuHu  blue  sbooU 
natkjn,  il  would  incUcale  the  presence  of  hydrocyanic  icid.  The  followiog  ructioD 
■t  axac  tcniilive.  A  few  dropi  of  yellow  unnKinjum  salpbide  are  added  to  (be 
ivussic  Acid  K>lu(ion,  and  this  (ben  evaporated  (o  dryn^a.  Ammonium  suinbi>- 
ivanide  will  remain,  and  if  added  to  a  ferric  ult,  will  color  il  a  deep  red. 

/'tfym/ritalitH  «/  Prtiaii  A<id. — When  (be  aqueooi  add  ilandi  for  wme  time 
in  contact  with  cauitic  alkalies,  or  with  alkaline  carbooatea,  or  if  pnisiic  acid  made 
from  Ihe  anbydroux  acid  be  mixed  wi(b  a  small  [^ece  of  po(asiium  cyanide.  no(  only 
brown  sutxtaoces  separate,  but  also  white  crystals,  lolable  in  ether,  and  having  ibe 
tame  percentage  composition  ai  hydrocyanic  acid.  Inasmuch  as  (bey  break  down, 
c«  boiling,  inlo^^effru//,  NH,,  CH,.  CO,H,  catboD  dioxide  and  ammonia,  tbey  are 
assumed  to  be  the  nitHle  ef  amidemahnU  aiid,  (CN),CHNH,  {B.  7,  767).  Tbey 
decompoM  at  180°,  wHh  explosion  and  partial  refonDation  of  fmssic  acid. 

Salts  of  Hydrocyanic  Acid. — Cyanides  and  Double  Cyanides 
— ^The  importance  of  the  cyanides  and  double  cyanides  in  analytical 
chemistry  explains  the  reason  for  the  discussion  of  prussic  acid  and  its 
■alts  in  inorganic  text  books.  In  organic  chemistry  the  metallic 
cyanides  serve  for  the  introduction  of  the  cyanogen  group  into  carbon 
compounds  (compare  aeid  mtriies,  a-ketonie  adds,  etc.). 

The  alkali  cyanides  may  be  formed  by  the  direct  action  of  these 
metals  upon  cyanogen  gas;  thus,  potassium  burns  with  a  red  flame  in 
cyanogen,  at  the  same  time  yielding  potassium  cyanide,  C,N,  -}-  K,  ^= 
aCNK.  They  are  also  produced  when  nitrogenous  organic  substances 
are  heated  together  with  alkali  metals.  The  strongly  basic  tneials 
dissolve  in  hydrocyanic  acid,  forming  cyanides.  A  more  common 
procedure  is  to  act  with  the  acid  upon  metallic  oxides  and  hydroxides: 
CNH  +  KOH  =  CNK  +  H,0 ;  2CNH  +  HgO  =  Hg(CN),  +  H,0. 

The  insoluble  cyanides  of  the  heavy  metals  are  obtained  by  the  double 
decomposition  of  the  metallic  salts  with  potassium  cyanide. 

The  cyanides  of  the  light  metals,  especially  the  alkali  and  alkaline 
earths,  are  easily  soluble  in  water,  react  alkaline,  and  are  decomposed 
by  acids,  even  carbon  dioxide,  with  elimination  of  hydrogen  cyanide ; 
yet  they  are  very  stable,  even  at  a  red  heat,  and  sustain  no  change. 
The  cyanides  of  the  heavy  metals,  however,  are  mostly  insoliible,  and 
afeonlydecomposed,or  not  at  all,  by  the  strong  acids.  When  ignited, 
the  cyanides  of  the  noble  metals  suffer  decomposition,  breaking  up 
into  cyanogen  gas  and  metals. 

The  following  simple  cyanides  are  especially  important  in  organic 
chemistry: 

Potasaium  Cyanide,  CNK. — Consult  v.  Richter's  "Inorganic 
Cheiiii^irv  "  fur  method  of  preparation,  properties,  and  technical  ap>. 
■^icati'ins  of  this  salt. 

It)  aqueous  or  alcoholic  solution  becomes  brown  in  color  on  expMtire  to  the  air; 
Irr'imiHxes  rapidly,  on  boiling,  into  potassium  forTna(e  and  ammonia.  When 
•il  III  ilic  air,  u  well  as  with  easily  reducible  metallic  oxides,  (be  salt  absorbs 
[.  II  mi  is  converted  into  potassium  isoevnnalr  [see  this).  When  acid  haloids  or 
yl  11 :  tistrj  are  heated  wilh  potassium  cyanide,  acid  nitrtles  with  varying  amounts 
is<iiiu  ric  carbylunines  or  isoDitiiles  are  produced.     Many  organic  ballpen  si^sti- 
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tntion  products  mre  transposed  into  nitriles  through  the  agency  of  potassium  cyanide. 
Ethyl  hypochlorite  and  potassium  cyanide  yield  cyanimidocarbonic  ester  a  reaction 
which  argues  for  the  isonitrile  formula  of  potassium  cyanide  (A.  287,  274). 

Ammonium  Cyanide,  NH^CN,  is  formed  by  the  direct  union  of  CNH  with 
ammonia,  by  heating  carbon  in  ammonia  gas,  by  the  action  of  ammonia  upon  chloro- 
form (p.  228).  by  the  action  of  the  silent  electric  discharge  upon  methane  and 
nitrogen,  and  by  conducting  carbon  monoxide  and  ammonia  through  red-hot  tubes. 
It  is  best  prepared  by  subliming  a  mixture  of  potassium  cyanide  or  dry  ferrocyanide 
with  ammonium  chloride.  It  consists  of  colorless  cubes,  easily  soluble  in  alcohol, 
and  subliming  at  40^,  with  partial  decomposition  into  NH,  and  CNH.  When  pre- 
served it  l)ecomes  dark  in  color  and  decomposes.  It  yields  methylene  amido-aceto- 
nitrUe  (compare  glycocoU). 

Mercnric  Cyanide,  Hg(CN),,  is  obtained  by  dissolving  mercuric  oxide  in  hydro- 
cyanic acid,  or  by  boiling  rrussian  blue  (8  parts)  and  mercuric  oxide  (i  part)  with 
water  until  the  blue  coloration  disappears.  It  dissolves  readily  in  hot  water  (in  8 
parts  cold  water),  and  crystallizes  in  bright,  shining,  quadratic  prisms.  When  heated 
it  yields  cyanogen  and  mercury.  It  forms  acetyl  cyanide  with  acetyl  chloride  (see 
pjrroracemic  acid). 

Silver  Cyanide,  AgCN,  combines  with  alkyl  iodides  to  yield  addition  products, 
which  pass  into  isonitrile  when  they  are  heated  (p.  236). 

The  chief  use  of  potassium  cyanide  is  in  the  preparation  of  acid 
nitriles  of  various  kinds.  This  is  done  by  bringing  it  into  double 
decompositions  with  alkylogens,  alkyl  sulphates,  and  halogen  substitu- 
tion products  of  the  fatty  acids.  In  many  instances  mercury  cyanide 
or  stiver  cyanide  is  preferable,  e.g.^  in  the  formation  of  a-keionic 
nitriles  from  acid  chlorides  or  bromides.  It  is  interesting  to  note  that 
by  the  interaction  of  alkyl  iodides  and  silver  cyanide  isonitriles  or 
carbylamines  arfe  formed;  in  them  the  alcohol  radical  is  joined  to 
nitrogen.     (See  page  237  for  the  explanation.) 

Compound  Metallic  Cyanides. — ^The  cyanides  of  the  heavy  metals  insoluble  in 
water  dissolve  in  aqueous  potassium  cyanide,  forming  crystallizable  double  cyanides, 
which  are  soluble  in  water.  Most  of  these  compounds  behave  like  double  salts. 
Acids  decompose  them  in  the  cold,  with  disengagement  of  hydrocyanic  acid  and  the 
precipitation  of  the  insoluble  cyanides; 

AgCN .  KCN  -f  HNO,  =  AgCN  +  KNO,  +  CNH. 

In  others,  however,  the  metal  is  in  more  intimate  union  with  the 
cyanogen  group,  and  the  metals  in  these  cannot  be  detected  by  the 
usual  reagents.  Iron,  cobalt,  platinum,  also  chromium  and  man- 
ganese in  their  ic  state,  form  cyanogen  derivatives  of  this  class.  The 
stronger  acids  do  not  eliminate  prussic  acid  from  them,  even  in  the 
cold,  but  hydrogen  acids  are  set  free,  and  these  are  capable  of  pro- 
ducing salts : 

Fe(CN)eK4  -f  4HCI  =  Fe{CN),H^  -f  4KCI. 
Potasstnm  Ferrocyanide       Hydroferrocyanic  Acid. 

Many  chemists  refer  these  complex  metallic  acids  to  hypothetical, 
polymeric  prussic  acids : 


H— C=N  H— C=N— C-H 

.H  N-CH-N 

Dt-'hydiocyanic  Acid  Tri-hydrocyanic  Acid. 


N=C. 
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Fcmcjruiidc. 


IV  moisi  inporunt  compound  metallic  cyanides,  particularly  fiotas- 
i^Mt  frrmcrttmif'  <iT  tfUeno  pruisiaU  of  potash,  the  starting-out  sub- 
a%ntx  iVw  lb*  [wriuiraiion  of  cyanogen  derivatives,  have  already 
«««d'att«ii»v«  ID  inorganic  chemistry. 


\ 


So4i«Mi    Nitropru88ide,    Fe(CN)t(NO)Na,  +  aH,0.— Hydro- 

-.  .i-.^v  *v"0.  whose  constitution  has  not  yet  been  determined 

^  ^^  j;   ^s,.\,  IS  tormed  when  nitric  acid  acts  upon  potassium  ferro- 

-,  M.  Cv      V'^  tiliratc  from  the  saltpetre,  neutralized  with  sodium  car- 

^..,.■■,^  '  v'.v  ihc  salt  in  beautiful  red  rhombic  prisms,  readily  soluble 

^.  <<,-<\  AS  averydebcate  reagent  for  alkaline  sulphides  and  hy- 
:,    v'  -^^   ■-'■'f^.  which  give  with  it  an  intense  violet  coloration. 

,-    ........I-  ■*--■■.  formkydroicainie  and,  fBrmytchleridfximf,  formamidint.tkiB- 

......' .  uhI    formamideximr  are   inliiDitcly  related    lo   pnissic  acid  and 

!.  J— .-.1  .      'Vr  are  repreientatiirea  of  groups  ot  bodies  which  appear  also  with 
1  ,  ....  ««,i  n«  homologues. 

O.C.H. 
,1.      ...  mtittJ.'-tlAfrs,  inch  u  HC/  ,   arc  onlj  known  in  lh«T  salt*. 

V.  *.•;  jiKiined  from  CNH,  alcohol  and  HCl  (B.  iS,  354,  1644) : 

.NH.HO 
H<SN  +  C,H,.OH  +  Ha  =  HC/ 

^O.C,H,. 
Formimlilo-elbyl  Ether, 

[,  1....11  ii«Mtliii|  with  alcohol)  thc7  pi 


%«M**Mw>*tlvUinlde,  HC^  ,  boiling  at  125°  (14  mm),  it  produced 

^N .  CM. 

k,  ^  ,u.i.u.  »if  ethyl  isocyanide,  in  alcoholic  solution,  with  hydn^n  sulphide.     It 
-Ti.  i.'i..«  ..tl.  wilh  an  odoi  like  that  of  sulphur  (A.  380,  297). 
**  .NH, 

idirta,  Melhenylamidine,  HC^  ,  is  only  known  in  its  salts.     Its 

-^  U  obtained  (l)  by  the  action  of  ammoDia  upon  fBrmimido-ttkyl-ttkir 
r  il>.  101  375.  1^7)  •  (')  from  formimide  chloride,  the  addition  product 
Xi  Dcid  and  prosaic  acid,  when  it  is  digested  wilh  alcohol : 

1»,C,H.  .NH.HCi 

+  NH,  =  HC/  +HO.C,H, 

NH.HCI  XvH 

,0  ,NH,.Ha 

'  +  2C,H,0H  =  HC/  +  CH,a  +  HCO,C,H,. 
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Ponnhydrozamic  Acid,  HC^  ,  is  produced  when  equimolecular  quan- 

tities of  formic  ester  and  hydroxylamine  are  allowed  to  stand  in  a  solution  of  abso- 
lute alcohol.  It  forms  brilliant  leaflets  having  a  greasy  feel.  It  dissolves  readily  in 
water  and  in  alcohol,  but  sparingly  in  ether.  It  melts  at  74^.  A  violent  decom- 
position sets  in  above  this  temperature,  and  then  slowly  proceeds  at  the  ordinary 
temperature.  The  acid  yields  an  intense  red  coloration  with  ferric  chloride,  it 
reduces  Fehling*s  solution,  and  its  mercury  salt  in  dry  condition  explodes  when  it  is 
rubbed  (private  coonnunication  from  G.  Schr6ter).  Compare  B.  25,  701,  for  the 
copper  salt. 

Formylchloridozime,  HC^  ,  is  a  beautifully  crystallized,  very  decom- 

posable  compound,  with  a  sharp,  penetrating  odor.  It  is  produced  when  fulminates 
(p.  237)  are  treated,  in  the  cold,  with  concentrated  sulphuric  acid.  It  dissolves  in 
ether.  When  its  solution  is  wanned  with  concentrated  hydrochloric  acid,  it  rapidly 
decomposes  into  formic  acid  and  hydroxylamine  hydrochloride : 

HCf  -f  2H,0  =  H .  Cf        4-  NH.OH .  HQ. 

In  aqueous  solution  the  body  readily  reverts  to  fulminates.  Silver  nitrate  changes 
it  to  silver  fulminate  and  silver  chloride.  Aniline  converts  it  into  phenyl-isouretine 
(see  this),  and  with  ammonia  it  yields  cyanisonitrosoacethydroxamic  acid,  a  derivative 
of  mesoxalic  acid  (A.  280,  303). 

NH, 
Pormamidoxime,  Metkenylamidoxime^  Isouretine^  HCc^  ,  melting  at 

^N(OH) 
1 14^,  is  isomeric  with  urea^  CO(NH,),.     It  forms  upon  the  evaporation  of  an  alco- 
holic solution  of  hydroxylamine  and  hydrogen  cyanide  (Lossen  and  Schifferdecker, 
A.  166,  295  ;  280,  320). 

N=N.C,H4 
Fonnaxyl  Hydride,  HC<[^  ,  melting  at  119^-120^,  is  obtained 

^N— NH .  CjHj 
from  formaxylcarbonic  acid  (see  oxalic  acid  derivatives). 
Derivatives  of  Orthoformic  Acid  (p.  224). 

Oitboformic  Esters  are  formed  (i)  when  chloroform  is  heated  with  sodium  alco- 
holates  in  alcoholic  solution  (Williamson  and  Kay,  A.  92,  346) : 

CHQ,  -f  3CH, .  ONa  =  CH(0 .  CH,),  +  3NaCl; 

(2)  when  formimido-ethers  (p.  232)  are  transposed  with  alcohols,  at  which  time 
mixed  esters  are  also  produced  (Pinner,  B.  16,  1645)  : 

/NH .  HQ  /(OCH,), 

CHf  -f  2CH, .  OH  =  CHf^  -f  NH.a. 

^O.CjHj  ^O.CjHj 

They  are  converted  by  alcoholic  alkali  into  alkali  formates,  and  by  glacial  acetic 
acid  into  acetic  esters  and  ordinary  formic  esters.  Orthoformic  ester  is  changed  by 
ketones  and  aldehydes  into  ortho-ethers,  e.g.y  (CH,),C(0.  C,Hg),  (p.  224),  and 
scetal,  CH3 .  CH(0 .  C^H^),  (p.  200).  At  the  same  time  it  passes  also  into  ordinary 
fonnic  ether  (B.  39,  1007).  Orthoformic  ester,  in  the  presence  of  acetic  anhydride 
and  aided  by  heat,  combines  with  acetylacetone,  acetoacetic  ester  and  malonic  ester 
to  yield  ethoxymethenyl  derivatives  (B.  26,  2729J. 

Orthoformic  Methyl  Bster,  CH(0 .  CH,)„  boils  at  I02<*.    Orthoformic  Ethyl 
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,  ,.  txxli  u  146".    Onbofennic  Ally!  B»ter,  CH(OC^HJ^ 

..     ■■-  'J,  lis). 
.  ■.'uiuui  ineicaptkk*  imUe  to  onbofcnnic  catBra  (B.  10^185). 

>i..'.u;ui'iu,  trichlonnethane,  CHClu  is  obtained:   (1)  By  the 

-,.11.11  l-HiOr  CH,C1;  (1)  by  the  action  of  chloride  of  lime 

iiticiii  mrbon  compounds— f.  g.,  ethyl  alcohol,  acetone,  etc. ; 

',  !iv.Liiiig  chioral  (p.  197)  and  other  aliphatic  bodies  having  a 

....  t'Ci,  group — t.  g.,  trichloriuetu  add  and  trUhhrfhefiemaJic 

\.n;  lhis>— with  aqueous  potassium  or  sodium  hydroxide: 

CCL.C 

CiilOTi 

I  liluiufuiiQ  it  prepared  techDicall;  bj  treatiog  alcc^ot  and  >cctonc  wilh  blcBching 
liiu.-.  I'hc  iatlcr  acu  both  as  an  oiidiiiog  and  chloHoaLng  snbiUiice.  Tbe  icmll- 
11.^  I  (  l,.l.'IIOotCIIi.CO.CCl,  isdecompoaedbr  slaked  Umc  (MecliaDiini  of  the 
K>.<,Uuii:  i£iucke,  B.  iS,  Jol  Anm.).  Pure  chlwDromi  can  be  obUioed  b;  decom- 
l'i'.ii>ti  |iure  chlotal  with  caustic  potash  or,  according  to  R.  Pictel,  b;  fnieiing  oat 
It)  .uli  uf  chloroform  and  then  placing  this  impure  substance  in  a  centrifugal 
iii.i>  liiiie.    l^rftctly  pure  cblorofom  results  in  the  decompositioti  of  lalieylijt-cklm 

l^,m  l.\llMhllll.  A.  273,  73). 

Ili'l.-iual* — Olorofonn  was  diKonred  in  1S31  by  Uebig  and  by  Soubeit«n,  It 
WJ1  nut  until  1835  that  Dumu  prored  concltisiielf  thai  il  containid  hydrogen.  In 
1S47  SimiaoD,  In  Edinburgh,  introduced  chloroform  into  surgery. 

Chliirofurm  is  a  colorless  liquid  of  an  agreeable  ethereal  odor  and 
sttnti-.h  ta.ste.  It  solidifies  in  the  cold  and  melts  at  — 62°  (B.  a6, 
lu^,^)■  It  boils  at  +61.5°,  and  its  specific  gravity  at  15"  equals 
I  i.>i>S.  It  isan  excellent  solvent  for  iodine  and  many  other  organic 
»lli'.^l4n^es,  some  of  which  ctystalliie  out  with  "  chloroforvt  of  cryitalli- 
i,i/i,'H,"  e.  g.,  salicylide  (sec  above).  Inhalation  of  its  vapors  causes 
iiiKiHixt-iousness,  and  at  the  same  time  has  an  anaesthetic  effect.  It  is 
uiiiJilLiuimalile.  It  forms  CfCl)  when  it  is  conducted  through  tubes 
hv.iif.1  lo  redness. 

lyansfurmations. — ( i )  By  preservation  chloroform  is  oxitlizcd  in  sun- 
lij.;hl  by  the  oxygen  of  air  to  phosgene  (see  this).  Chromic  acid  also 
( ouvrrls  chloroform  into  this  body.  To  get  rid  of  the  pho^ene  add 
ittniul  one  per  cent,  of  alcohol  to  the  chloroform. 


^ 


'■%■ 


CEICl,  +  4KOH  =  CHO.  OK  +  3Ka  +  aH.O. 
iimic  acid  ester,  CH(0.  C,Hj),,  it  produced  by  treating  chlorofoim 
i-atrd  to  tSo*  with  alcoholic  ammenis,  it  forms  ammoninm  cyanate 


ri  ICl,  +  NFI,  +  4KOH  =  CNK  +  3KCH- 4H,0. 
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(6)  IsoHiiriUs{^.  236),  hsving  extremely  disgusting  odors,  are  foimed  when  chloro- 
form is  heated  with  primary  bases  and  caustic  potash.  This  reaction  serves  both  for 
the  detection  of  chloroform  and  also  of  the  primary  amines. 

(7)  Chloroform  yields  an  additive  product  with  acetone — e^.,  a-ozyisobutyric  acid. 

i8J  It  is  transposed  by  sodium  acetoacetic  ester  into  m-oxyuvitic  acid  (see  this). 
9)  Aromatic  oxyaldehydes  (see  these)  are  produced  when  chloroform  is  digested 
with  phenols  and  caustic  soda. 


Bromoform,  CHBr,,  melts  at  +7-3^9  boils  at  151®,  has  asp.  gr.  of 
2.9  (at  i5^)>  and  is  produced  by  the  action  of  bromine  and  KOH  or 
lime  (Ldwig,  1832)  upon  alcohol  or  acetone;  also  from  tribrompyro- 
racemic  acid. 

Iodoform,  CHI,,  melting  at  120^,  was  discovered  in  1832  by 
Senillas.  Dumas,  in  1834,  proved  that  it  contained  hydrogen,  and 
in  1880  it  was  applied  by  Mosetig-Moorhof  in  Vienna  as  a  healing 
agent.  This  compound  results  when  iodine  and  potash  act  upon  ethyl 
alcohol,  or  acetone,  aldehyde  and  other  substances  containing  the 
methyl  group.  Pure  methyl  alcohol,  however,  does  not  yield  iodo- 
form (B.  13,  1002). 

The  formation  ol  tri-iodoaldehyde  and  tri-iodoacetone  precedes  the  pro- 
duction of  the  iodoform.  These  substances  naturally  would  be  very 
unstable.  When  tri-iodoacetic  acid  is  warmed  with  acetic  acid,  or 
when  it  is  treated  with  alkali  carbonates,  it  breaks  down  into  iodoform 
and  carbon  dioxide. 

Iodoform  crystallizes  in  brilliant,  yellow  leaflets,  soluble  in  alcohol 
and  ether.  They  are  insoluble  in  water.  Its  odor  is  saffron-like.  It 
evaporates  at  medium  temperatures  and  distils  over  with  aqueous  vapor. 
Digested  with  alcoholic  KOH,  HI,  or  potassium  arsenite,  it  passes 
into  methyUne  iodide^  CHJ,  (p.  201). 

Pluorchloroform,  CHa,F,  boils  at  14.5° ;  Pluorchlorbromoforxn,  CHGFBr, 
boils  at  380  (B.  a6,  R.  781). 

Nitxoform,  Trinitromethane^  CH^NO,)*,  is  an  acid.  Its  ammonium  salt  is 
produced  when  trinitrotuetonitriU  is  Drought  in  contact  with  water,  when'  violent 
explosions  frequently  occur.     The  conditions  are  unknown  (B.  7,  1744): 

aHjO                                              -co, 
C(NO,),CN >-  C(NO,),COONH4 >-  C(NO,),H. 

It  is  a  thick,  colorless  oil,  solidifying  below  15°,  and  exploding  with  violence 
when  rapidly  heated. 

Pormyl-trisulpbonic  Acid,  Methine  Tnsulphonic  Acid,  CH(SO,H),,  is  pro- 
duced by  the  action  of  sodium  sulphite  upon  cKhropicrin^  CC1,(N02)  (see  this),  and 
when  fuming  sulphuric  add  acts  upon  calcium  tnethyl-iulphonatt  (p.  204).  The  acid 
b  very  stable,  even  in  the  presence  of  boiling  alkalies. 

In  this  connection  may  be  mentioned  also  dibromnitromethane  (p.  157).  niiro- 
methane  diiulphanic  acid  (A.  z6i,  l6i),  and  oxymethane  disulphonie  acid,  CH(OH) 
(SO|H)|  (B.  6,  1032) ;  dichlormethane  monosuipkonic  acid,  dichhrmethyl  alcohol, 
known  as  acetic  esters. 

Appendix. — Carbon  Monoxide,  Isonitriles  or  Carbylamines, 
and  Fulminic  Acid. 
Carbon  Monoxide,  CO,  a  colorless,  combustible  gas,  the  product 
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of  the  incomplete  combustion  of  carbon,  has  already  been  discussed 
in  the  inorganic  part  of  this  book.  The  methods  for  its  production 
and  its  transformations,  which  are  of  importance  in  organic  chem- 
istry, will  again  be  briefly  reviewed.  Carbon  monoxide  is  obtained 
(i)  from  formic  acid,  (2)  from  oxalic  acid  and  other  acids,  like  lactic 
and  citric,  by  the  action  of  sulphuric  acid.  It  is  also  made  (3)  from 
prussic  acid,  if,  in  preparing  the  latter  from  potassium  ferrocyanide, 
K4Fe(CN)« .  3H1O,  concentrated  sulphuric  acid  be  substituted  for  the 
more  dilute  acid,  and  in  this  manner  the  prussic  acid  be  changed  to 
formamide,  and  the  latter  immediately  breaks  down  into  ammonia 
and  carbon  monoxide.  Formamide  yields  carbon  monoxide  upon  the 
application  of  heat. 

Behavior. — (i)  Carbon  monoxide  and  hydrogen  exposed  to  the  influ- 
ence of  electric  discharges  yield  methane  (p.  80).  Being  an  unsaturated 
compound,  carbon  monoxide  unites  (2)  with  oxygen,  forming  carbon 
dioxide;  (3)  with  sulphur,  yielding  carbon  oxysulphide ;  and  (4)  with 
chlorine,  to  form  carbon  oxychloride  or  phosgene.  It  is  rather  re- 
markable that  it  also  combines  directly  with  certain  metals.  (5)  With 
potassium  it  forms  potassium  carbon  monoxide  or  potassium  hexoxy ben- 
zene (see  this),  CgOgK^ ;  (6)  with  nickel  it  yields  nickel carbonyl,  (CO)4Ni 
(Mond,  Quincke,  and  Langer,  B.  23,  R.  628).  It  forms  alkali  formates 
with  the  alkaline  hydroxides  (p.  225),  and  with  (7)  sodium  methylate 
and  sodium  ethylate  it  yields  sodium  acetate  and  propionate. 

Carbon  Monosulphide,  CS,  is  not  yet  known  (B.  28,  R.  388). 
Isonitriles,  Isocyanides,  or  Carbylamines  are  isomeric  with  the 
alkyi  cyanides  or  the  acid  nitriles,  but  are  distinguished  from  these  in 
that  they  have  their  alkyl  group  joined  to  nitrogen.  The  isonitriles 
were  first  prepared  in  1866  by  Gautier  (A.  151,  239).  He  employed 
two  methods.  The  first  consisted  in  allowing  alkyl  iodides  (i  mol.) 
to  act  upon  silver  cyanide  (p.  231)  (2  mols.),  while  in  the  second 
method  the  addition  products  of  silver  cyanide  and  the  alkyl  isonitriles 
were  decomposed  by  distillation  with  potassium  cyanide: 

la.  C,HJ  -f  2AgCN  =  CjH.NC .  AgCN  -\-  Ag€ 

lb.  C^HjNC.  AgCN  -h  KCN  =  CjH^NC  -|-  AgCN.  KCN. 

Shortly  after  A.  W.  Hofmann  (A.  146,  107)  found  that  isonitriles 
were  produced  by  digesting  chloroform  and  primary  amines  with 
alcoholic  potash : 

2.  CjHjNH,  4.  HCa,  -f  3KOH  =  CjHjNC  -f-  3Ka  +  3H,0. 

3.  The  isonitriles  are  produced,  too,  as  by-products,  in  the  prepara- 
tion of  the  nitriles  from  alkyl  iodides  or  sulphates  and  potassium 
cyanide  (p.  266). 

Properties.  — The  carbylamines  are  colorless  liquids  which  can  be  distilled,  and 
possess  an  exceedingly  disgusting  odor.  They  are  sparingly  soluble  in  water,  but 
readily  soluble  in  alcohol  and  ether. 

Transpositions. — (i)  The  isocyanides  are  characterized  by  their  ready  decompo- 
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sition  by  dilute  acids  into  formic  acid  and  primaiy  amines.    This  reaction  proceeds^ 
readily  by  the  action  of  dilute  acids,  or  by  heating  with  water  to  180^  ^->  " 

CjH,  .  NC  +  2H,0  =  CjH^ .  NH,  +  CH,0,. 

Nitriles,  on  the  other  hand,  by  the  absorption  of  water,  pass  into  the  ammonia 
salts  of  carboxylic  acids : 

CjHjCN  +  2H,0  =  CjHjCOpNH^. 

It  b,  therefore,  concluded  that  in  the  njtrft^  the  alkyl  group  is  in  union  with 
carbon,  while  in  the  isonitriles  it  is  Ihtke^Cto  nitr(^en.  Thne  formulas  have  been 
suggested  for  the  isonitriles : 

ui    II  ni    IV  V     rv 

I.  C,H^N=sC  II.  C,HjN=G=  III.  CjHjN^. 

Nef,  who  has  studied  several  aromatic  isonitriles  exhaustively,  gives  formula  I 
the  preference  (A.  370,  267).  (2)  The  fatty  acids  convert  isonitriles  into  alkylized 
fatty  acid  amides.  ^)  The  isonitriles,  like  prussic  acid  (p.  228),  fonn  crystalline 
derivatives  with  HCl ;  probably  these  are  the  hydrochlorides  of  alkyl  formimide 
chlorides,  2CH, .  NC .  3HCI  =  [CH,N  =  CHCl],Ha,  which  water  decomposes 
into  formic  acid  and  amine  bases.  (4)  Mercuric  oxide  changes  the  isonitriles  into 
isocyanic  ethers,  C^H^N  =  CO,  with  the  separation  of  mercury,  just  as  CO,  by  ab- 
sorption of  oxygen,  becomes  CO^ 

Methyl  Isocyanide,  Methyl  Carbylamine^  hoacctonitriUy  CH,NC,  boils  at  59°. 
Ethyl  laocyanide.  Ethyl  Carbylamincy  C^H^NC,  boiling  at  79^,  when  heated  at 
from  230^  to  250^,  rearranges  itself  to  propionitrile.  It  combines  with  chlorine  to 
yield  ethyl isocyan-cbloride  or  ethylimidocarbonyl  chloride,  a  derivative  of  carbonic 
acid ;  with  H,S  it  forms  thioformethylimide  (p.  232),  and  with  chloracetyl  it  produces 
ethylimidopyruvyl  chloride,  a  derivative  of  pyroracemic  acid  (A.  280,  291). 

Fulminic  Acid,  Carbyloxitne,  C  =  N .  OH,  is,  according  to  Nef 
(A.  280,  303;  B.  27,  2817),  the  oxime  corresponding  to  carbon 
monoxide,  and  possesses  the  properties  and  characteristics  of  a  strong 
acid.  The  fulminates  have  the  same  percentage  composition  as  the 
salts  of  cyanic  acid :  one  of  the  first  examples  of  isomeric  compounds 
(Liebig,  1823).  Free  fulminic  acid  is  but  slightly  known.  Its  odor 
is  very  similar  to  that  of  prussic  acid,  and  the  acid  itself  is  not  any 
less  poisonous  than  that  acid.  The  acid  is  formed  when  the  fulminates 
are  decomposed  by  strong  acids.  It  combines  quite  readily  with  the 
latter, — e.g.^  it  yields  formylchloridoxime  with  hydrochloric  acid 
(p.  233), — but  this  new  body  breaks  down  very  easily  with  the  formation 
of  fulminic  acid.  The  deportment  of  the  fulminates  toward  hydro- 
chloric acid  affords  some  insight  into  the  constitution  of  fulminic  acid 
itself.  First,  hydrochloric  acid  simply  adds  itself  and  salts  of  formyl- 
chloridoxime arise,  from  which,  by  the  absorption  of  water,  formic 

acid  and  hydroxylamine  are  formed : 

/N.OAg 
C=NOAg  +  HCl    =  HC^ 

^NOAg  M .  OH 

HCf  -fHQ    =HCf^  +Aga 

^N.OH 
HCf^  +2H,0  =H.CO,H-f  NHj.OH.Ha. 
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.  .    j.:ii.ii.u«  is  the  iDost  important  of  the  salts.    It  isapplied, 
.     .  0  t..^:^^  ruaterial  in  gun-caps, 
•^u.^-.v    Fulminate,    (C  =  N.  0),Hg+- jiH,0    (B.    i8,   R. 
1  .  tiK-u  (I)  by  heating  a  mixture  of  alcohol,  nitric  acid,  and 
,  , ,  .^   i.iraite  (B-  9,  787;  ig,  993,  1370);  (a)  upon  adding  asqlu- 
.,  a  .'.  -ixiiuio  Ditromethane  to  a  solution  of  mercuric  chloride : 
,0N« 
jCH,  =  N^  +  HgCI,  =  (C=N ,  0),Hg  +  aH,0  +  *N«a. 

There  is  always  produced  at  the  same  time  a  yelhw  basic  salt, 
(Hjf^A>C^  NO  ),Hg,  which  is  the  sole  product  in  pouring  a 
sulution  of  mercuric  chloride  into  a  solution  of  sodium  nitromethane. 

Futminating  mercury  crystallizes  in  shining,  white  needles,  which 
are  tolerably  soluble  in  hot  water.  It  explodes  violently  on  percussion 
and  abo  when  acted  upon  by  concentrated  sulphuric  acid.  Con- 
centrated hydrochloric  acid  evolves  CO,,  and  yields  hydroxylamine 
h^ lirochloride  and  formic  acid,  a  procedure  well  adapted  for  the 
prc|>aration  of  hydroxylamine  (B.  19,  993).  Chlorine  gas  decomposes 
mercury  fulminate  into  mercuric  chloride,  cyanogen  chloride,  and 
CC1| .  NO,.  Ammonia  converts  it  into  urea  and  guanidine  (see  acetyl 
isocyanate). 

'  StlTf  fulminatt,  C  =  NOAg,  is  preptred  tfier  tbe  manner  of  the  mercuiy  lalt, 

■nil  ■.■>  eren  more  explosive  Iban  ihe  loiter.     Potassium  chloride  precipilatei  fram  bol 

Kilutions  of  silicr  fuImJDate  one  aloni  of  ailver  as  chloride  and  the  double  sati, 

(.',AgKN,0,,  ci^calliies  rrom  the  solution.     Niltic  ncid  precipilates  from  this  salt 

ikiJ  silvtr  /ulmitmle,  C,AgHN,0,.  a  white,  insoluble  precipitate.     On  boiling  mer. 

cur;r  fulminate  with  water  and  copper  or  linc.  melallic  meicuiy  a  precipitated  and 

cit|>|>er  and  line  fulminates  (C,CuN,0,  and  C,ZnN,0,)  are  produced. 

.Siidium  amalgam  changes  it  to  sodium  fulminale.  C  —  NONa. 

In  ibe  fomation  of  salts  and  double  salts  fulminic  add  conducts  itself  much  like 

hydrocjinic  acid.   This  is  readily  understood  if  prussic  acid  tie  regarded  as  hydrogen 

iKhcyanide,  C  ^  NH.     Sodium  ferrocyanide  corresponds  to  sodium  ftrrff/ulmiHa/e, 

(C    -  NU),FeNa,  4-  l8H,0,  which  is  produced  by  bringing  together  a  solution  of 

■mliuni  fulminale  and  ferrous  sulphate  (A.  Mo,  335}.     It  consists  of  yellow  needles. 

Dlbromnitro«cetoDilrileorZ>/3™mj'/)™nm?/«vi(rf<',^'^=^-^or9^'''^^'(?), 

mellioe  at  50°,  a  produced  when  bromine  acts  upon  mercnr?  fulminate.     This  body, 
when  heated  with  hydrochloric  acid,  passes  into  BrH,  NH,,  NH,OH  and  exalu 
«^.     Aniline  probably  coDTerts  the  dibromide  into  (he  dioiimeof  the  oxanitide, 
'■HC=NOIi 

.OH 
auric  Acid,  ifUrocyafuuttamidt,  C^N.OjH,  =  CN.  CH{NO,)C<__       ,  it 

t  of  tanroiiic  acid.  Its  alkali  sails  are  obtained  by  boiling  mercuric  ful- 
ih  potiuisium  chloride  or  ammanium  chloride  and  water.  The  sodium  salt 
ed  by  a  mixture  of  sulphuric  and  nitric  acids,  into  trinilroacelonitrile.  To 
;  ftec  acid,  decompose  the  lead  salt  with  hydrogen  sulphide.  It  deflagrates 
EapecUllr  ->.-— Hstic  is  the  Cuprammonium  sail,  CiN,0,H,(CuNH,). 
■U  of  gli*'  ■  prisms.     (Compare  Cyanuric  acid.) 


ACETIC  ACID   AND   ITS  HOMOLOGUES.  239 

Ethyl  iodide  converts  the  silver  salt  at  8o<'-90^  into  the  Ethyl  Ester,  C;H,N,0,- 
(OC,Hg),  melting  at  133^,  which  is  changed  into  De80Z3rfulminuric  Acid,  Cyaniso- 
nitroso-acetamide,  a  mesoxalic  acid  derivative,  C,NjH,0,  =  CN.  C  =  N(OH).  C- 
(OH)  =NH,  melting  at  184^  (A.  280,  331),  when  boiled  with  water  and  alcohol. 


ACETIC  ACID  AND  ITS  HOMOLOGUES.  THE  FATTY  ACIDS,  CnH^+i.COfH. 

We  can  regard  and  also  designate  all  the  homologues  of  acetic  acid 
as  mono-,  di-,  and  tri-alkylized  acetic  acids.  Names  are  then  obtained 
which  as  clearly  express  the  constitution  of  the  acids  as  the  carbinol 
names  show  the  constitution  of  the  alcohols  (p.  no). 

The  acids  of  this  series  are  known  as  fatty  acids ^  because  their 
higher  members  occur  in  the  natural  fats.  The  latter  are  ester-like 
compounds  of  the  fatty  acids,  and  are  chiefly  esters  of  the  trihydric 
glycerol.  On  boiling  them  with  caustic  potash  or  soda,  alkali  salts 
(soaps)  of  the  fatty  acids  are  formed,  and  from  these  the  mineral  acids 
release  the  fatty  acids.  Hence,  the  process  of  converting  a  compound 
ester  into  an  acid  and  an  alcohol  has  been  termed  saponification^  and 
this  term  has  been  applied  to  the  conversion  of  other  derivatives  of 
the  acids  into  the  acids  themselves — e.g.y  the  conversion  of  nitriles  into 
the  corresponding  acids. 

The  lower  acids  (with  exception  of  the  first  members)  are  oils ;  the 
higher,  commencing  with  capric  acid^  are  solids  at  ordinary  tempera- 
tures. The  first  can  be  distilled  without  decomposition;  the  latter 
are  partially  decomposed,  and  can  only  be  distilled  without  alteration 
in  vacuo.  All  of  them  are  readily  volatilized  with  steam.  Acids  of 
like  structure  show  an  increase  in  their  boiling  temperatures  of  about 
19°  for  every  -|-  CH,.  It  may  be  remarked,  in  reference  to  the  melt- 
ing points,  that  these  are  higher  in  acids  of  normal  structure,  con- 
taining an  even  number  of  carbon  atoms,  than  in  the  case  of  those 
having  an  odd  number  of  carbon  atoms  (see  above).  The  dibasic 
acids  exhibit  the  same  characteristic.  As  the  oxygen  content  dimin- 
ishes, the  specific  gravities  of  the  acids  grow  successively  less,  and  the 
acids  themselves  at  the  same  time  approach  the  hydrocarbons.  The 
lower  members  are  readily  soluble  in  water.  The  solubility  in  the 
latter  regularly  diminishes  with  increasing  molecular  weight.  All  are 
easily  soluble  in  alcohol,  and  especially  so  in  ether.  Their  solutions 
redden  blue  litmus.  Their  acidity  diminishes  with  increasing  molec- 
ular weight ;  this  is  very  forcibly  expressed  by  the  diminution  of  the 
heat  of  neutralization  and  the  initial  velocity  in  the  etherification  of 
the  acids. 

The  most  important,  general  methods  of  obtaining  the  monobasic 
acids  are : 

(i)  Oxidation  of  the  primary  alcohols  and  aldehydes : 


O  f  oh)— HjO  yH     o  yO\ 

CH, .  CH,OH >-  \  CH, .  CH<^g  \ >-  ^"»%^ ^  ^^»   ^^ 


H   o  ^OH 

Ethyl  Alcohol  Aldehyde  Acetic  Acid. 
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In  the  case  of  nomiAl  priniAry  alcoliob  with  high  molcciilar  wdgfat  the  conTeision 
into  the  correqx»ding  aads  is  dflfected  by  means  of  heat : 

C.H,,CH,OH  +  NaOH  =  C|jH„ .  CO,Na  +  2H,. 
Cetyl  Alcohol  Sodium  Palmitate. 

(2)  By  the  addition  of  hydrogen  to  the  onsatniated  monocaiboxylic  adds : 

C»L=CH .  CO,H  +  2H  =  CH,.  CH,.  CO^. 
Acrylic  Acid  Propionic  Acid. 

(i)  By  the  redaction  of  oxyadds  at  elevated  temperatores  by  means  of  hydriodic 
acid: 

CH,.  CH(OH)CO,H  +  2HI  =  CH, .  CH, .  CO,H  +  H,0  +  I,. 

Or,  halogen  snbstitQted  adds  may  be  reduced  by  means  of  sodium  amalgam. 

Many  Ducleus-synthetic  methods  are  known  for  the  formation  of 
derivatives  of  the  acids,  which  can  easily  be  changed  to  the  latter. 
These  methods  are  important  in  the  building-up  of  the  acids. 

(4)  Synthesis  of  the  Acid  NitriUs, — The  alkyl  cyanides,  called  also 
the  fatty  acid  nitriles,  are  produced  by  the  interaction  of  potassium 
cyanide  and  alkylogens  or  the  alkali  salts  of  the  alkyl  sulphuric  acids. 
When  the  alkyl  cyanides  or  fatty  acid  nitriles  are  heated  with  alkalies 
or  dilute  mineral  acids  the  cyanogen  group  is  transformed  into  the 
carboxyl  group,  while  the  nitrogen  is  changed  to  ammonia.  In  this 
manner  formic  acid  is  produced  from  prussic  acid  (p.  225): 

CH, .  CN  -f  2H,0  -f  Ha    =  CH, .  CO,H  +  NH^Cl 
CH, .  CN  -f  H,0   -f  KOH  =  CH, .  CO,K  +  NH,. 

This  method  makes  the  synthesis  of  acids  from  alcohols  possible. 

The  change  of  the  nitriles  to  acids  is,  in  many  instances,  most  advantageously 
executed  by  digesting  the  former  with  sulphuric  acid  (diluted  with  an  equal  ▼olume  of 
water) ;  the  fatty  acid  will  then  appear  as  an  oil  upon  the  top  of  the  solution  (B.  10,  262). 

To  convert  the  nitriles  directly  into  esters  of  the  acids,  dissolve  them  in  alcohol  and 
conduct  HCl  into  this  solution,  or  warm  the  same  with  sulphuric  acid  (B.  9,  1590). 

(5)  Action  of  carbon  monoxide  upon  the  sodium  alcoholates  heated  to  160^-200^. 
This  reaction  only  proceeds  smoothly  and  easily  with  sodium  methylate  and  ethylate 
(A.  202,  294) : 

CjHg .  ONa  +  CO  =  CjHj  .  CO,Na. 
Sodium  Ethylate  Sodium  Propionate. 

Similarly,  carbon  monoxide  and  sodium  hydroxide  yield  formic  acid  (p.  225). 

(6)  By  the  action  of  carbon  dioxide  upon  sodium  alkyls  (A.  iix,  234).  This 
reaction  is  only  applicable  with  sodium  methideand  sodium  ethide  (p.  1S4).  It  may 
be  compared  with  that  in  which  formic  acid  is  produced  by  the  action  of  moist  carbon 
dioxide  upon  potassium  (potassium  hydride) : 

CjHg .  Na  +  CO,  =  CjHj .  CO,Na. 

(7)  By  the  action  of  phosgene  gas,  COCl,,  upon  the  zinc  alkyls.  At  first  add 
chlorides  are  formed,  but  they  subsequently  yield  acids  with  water : 

Zn(CH,),  +  2COCI,  =  2CH5 .  COCl  -f  ZnCl,.  and 

Acetyl  Chloride 
CH,.  CO.  a  -f  H,0  =  CHj .  CO.  OH  +  HCl. 

Acetic  Acid. 

(8)  Electrosyntheses  of  the  esters  of  monocarboxylic  acids  occur  upon  electrolyang 
'ixtures  of  the  salts  of  fatty  acids  and  the  mono-esters  of  dicarboxylic  acids.     Butyric 
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ester,  for  example,  is  obtained  from  potassium  acetate  and  potassium  ethyl -succinate 
(B.  28,2427): 

+  — 


CH, 
CH, 


CO, 
CO, 


K  -f  HOH  _  CH,  +  CO, 

K       HOH  ""  in,       CO,  "*"  KOH 


CH, .  COjCjHj  (1:h,-co,  .  C,Hj 

The  following  methods  of  formation  are  based  upon  the  breaking- 
down  of  long  carbon  chains : 

(9)  The  decomposition  of  ketones  by  oxidation  with  potassium  per- 
manganate and  sulphuric  acid  (p.  211) : 

CH,[CH,],,  .  CO .  CH, >  CH,[CH,l,CO,H  +  CH, .  CO,H 

Pentadecylmethylketone  from  Pentadecjrlic  Acid  Acetic  Acid. 

Palmitic  Acid 

(10)  Decomposition  of  unsaturated  acids  by  fusion  with  caustic 
potash: 

KOH 

CH, .  CH  ;  C(CH,)CO,K >  CH, .  CO,K  and  CH, .  CH, .  CO,K 

Potassium  Angelicate  Potassium  Potassium  Propionate. 

Acetate 

(xi)  Decomposition  of  acetoacetic  ester ^  as  well  as  mono-  and  dial- 
kylic  acetoacetic  esters,  by  concentrated  caustic  potash : 

CH, .  CO .  CH, .  C0,C,H5  +  2KOH  =  CH, .  CO,K  +  CH, .  CO,K    +  CjH^OH 
Acetoacetic  Ester 

CH, .  CO  .CH(R)CO,C,Hj  +  2KOH  =  CH, .  CO,K  -f-  CH,(R)CO,K  -f  CjH^ .  OH 
CH, .  CO .  C(R),C0,C,H5  +  2KOH  =  CH, .  CO,K  -f  CH(R),CO,K  +  C^Hg  .  OH. 

(12)  Decomposition  of  ketoxime  carboxylic  acids ^  after  their  rear- 
rangement into  acid  amides.  This  reaction  is  valuable  in  determining 
the  constitution  of  the  olefine  carboxylic  acids,  from  which  the 
ketoxime  carboxylic  acids  can  be  prepared.  (Compare  oleic  acid, 
p.   285.) 

(13)  Decomposition  of  dicarboxylic  acids,  in  which  the  two  car  boxy  1 
groups  are  in  union  with  the  same  carbon  atom.  On  the  application 
of  heat,  these  sustain  a  loss  of  carbon  dioxide : 

^^«<C0  H "^  ^"»  •  ^^»"  +  ^^« 

Malonic  Acid 
CHR<^Q«|][ >  CH,RCO,H  -f-  CO, 

CWi<c8*H ^  CH(R),CO,H  +  CO,. 

The  acids  produced  by  the  last  two  methods  can  be  regarded  as  directly  derived 
from  acetic  acid,  CH, .  COOH,  in  which  I  and  2H  atoms  of  the  CH,-group  are 
replaced  by  allcyls ;  hence  the  designations  methyl-  and  dimethyl-acetic  acidy  etc. : 

CH, .  CH,  CH, .  C,H5  CH(CH,), 

io.OH  io.OH  io.OH 

Methyl  Acetic  Acid  or  Ethvl  Acetic  Acid  or         Dimethvl  Acetic  Acid  or 

Propionic  Acid  Butyric  Acid  Isobutyric  Acid. 

21 
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• 

To  fully  comprehend  the  importance  of  the  last  two  methods  of 
formation  the  following  facts  may  be  anticipated : 

Acetic  ether  is  the  starting-out  material  for  the  obtainmentof  aceto- 
acetic  ester,  and  chloracetic  ester  for  that  of  malonic  ester.  Aceto* 
acetic  ester ^  CHg  .  CO  .  CH,  .  CO  .  O .  CtH^,  and  malonic  ester ^  CH,- 
(CO .  O .  CsHft),,  contain  a  CH,-groupy  in  combination  with  two 
CO-groups.  One  hydrogen  atom  in  a  CH,-group  thus  situated 
may  be  replaced  by  sodium,  and  the  latter,  through  the  agency  of  an 
alkyl  iodide,  by  an  alkyl  group.  In  this  manner  monoalkyla^etoacetic 
esters,  CH, .  CO .  CHR .  CO  .  OC^Hs,  and  monoalkylmaionic  esters^ 
CHR(COOCtH()„  are  obtained.  And  in  these  monoalkylic  deriva- 
tives again  the  second  hydrogen  atom  of  the  CH,- group  may  be 
substituted  by  sodium,  and  this,  in  turn,  through  the  action  of  an 
alkylogen,  may  be  replaced  by  a  similar  or  a  different  alcohol  radical : 
the  products  are  then  dialkylacetoacetic  esters,  CH, .  CO .  C(R),COO- 
CjHj,  and  dialkylmalonic  esters,  C(R),(COOC,H5),.  The  ease  with 
which  all  of  the  reactions  involved  in  the  formation  of  the  alkyl- 
malonic  and  acetoacetic  esters  are  carried  out  render  these  bodies  very 
convenient  material  for  the  production  of  a  nucleus  synthesis  of  mono- 
and  dialkylic  acetic  acids.  The  breaking-down  of  malonic  acid  and 
the  alkylmalonic  acids  possesses  this  advantage,  that  it  proceeds  in 
one  direction  only,  whereas  the  alkylic  acetoacetic  esters  sustain  a 
ketone  decomposition  simultaneously  with  the  acid  decomposition^  with 
the  separation  of  the  carboxyl  group  (p.  209). 

Isomerism. — Every  monocarboxylic  acid  corresponds  to  a  primary 
alcohol.  Hence  the  number  of  isomeric  monocarboxylic  acids  of 
definite  carbon  content  is,  as  in  the  instance  of  the  aldehydes,  equal 
to  that  of  the  possible  primary  alcohols  (p.  iii),  possessing  a  like 
quantity  of  carbon.  The  isomerism  is  dependent  upon  the  isomerisms 
of  the  hydrocarbon  radicals  in  union  with  the  carboxyl  group. 

There  are  no  possible  isomerides  of  the  first  three  members  of  the 
series  C,H,„0, : 

HC(),H  CH, .  CO,H  C,Hj .  CO,H 

Formic  Acid  Acetic  Acid  Propionic  Acid. 

Two  structural  cases  are  possible  for  the  fourth  member,  CiHjO, : 

CH, .  CH, .  CH, .  CO.H  and  (CH,), .  CH .  CO,H 
Propyl  Carboxyltc  Acid  Isopropyf  Carbozylic  Acid. 

Butyric  Acid  Isobutyric  Acid. 

Four  isomerides  are  possible  with  the  fifth  member,  CjHioO,  = 
C4H, .  CO,H,  inasmuch  as  there  are  four  butyl,  C4H9,  groups,  etc. 

Transformations, — A  concise  review  of  their  many  derivatives  was 
given  in  the  introduction  to  the  monocarboxylic  acids.  These  were 
obtained  in  part  from  the  acids,  or  directly  from  their  salts.  Their 
most  important  reactions  follow: 

(i)  Acids  and  alcohols  yield  esters  in  the  presence  of  hydrochloric 
or  sulphuric  acid  (p.  253). 

^2)  Salts  and  alkylogens,  or  alkyl  sulphates,  yield  esters. 
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(3)  Acids  or  salts  yield,  when  acted  upon  by  the  chlorides  of  phos- 
phorus, add  chlorides  (p.  257)  zn^  acid  anhydrides  (p.  259). 

(4)  The  ammonium  salts  of  the  acids  split  off  water  and  become 
acid  amides  (p.  262)  and  acidnitriles  (p.  266). 

(5)  The  halogens  produce  substitution  products. 

(6)  The  fatty  acids  are  very  stable  in  the  presence  of  oxidizing 
agents;  they  are  attacked  very  slowly.  Fatty  acids,  containing  a 
tertiary  group,  yield  nitroderivatives  (B.  15,  2318)  when  acted  upon 
by  nitric  acid. 

In  discussing  the  paraffins,  their  alcohols,  aldehydes  and  ketones^ 
methods  of  producing  these  bodies  were  made  known,  which  were 
based  upon  the  transposition  reactions  of  the  fatty  acids,  their  salts 
or  their  immediate  derivatives.     These  may  be  summarized  here : 

(i)  Paraffins  (p.  84)  result  in  the  reduction  of  higher  fatty  acids 
by  hydriodic  acid. 

(2)  Paraffins  (p.  84)  are  produced  when  the  calcium  salts  of  the 
fatty  acids  are  distilled  with  soda-lime. 

(3)  Paraffins  (p.  83)  result  from  the  electrolysis  of  concentrated 
solutions  of  the  potassium  salts  of  the  fatty  acids. 

(4)  Acid  chlorides  and  acid  anhydrides,  when  reduced,  yield  al- 
dehydes (p.  113)  diiid  primary  alcohols  (p.  189). 

(5)  Acid  chlorides  and  zinc  alky  Is  yield  ketones  (p.  210)  and  tertiary 
alcohols  (ji,  113). 

(6)  By  the  interaction  of  iodine  and  the  silver  salts  of  fatty  acids  esters  of  the  next 
lower  alcohol  are  formed  (compare  p.  252). 

(7)  When  the  calcium  salts  and  calcium  formate  are  distilled,  aide 
hydes.  are  produced  (p.  188). 

(8)  Simple  and  mixed  ketones  (p.  209)  are  formed  when  the  calcium 
salts  are  distilled  alone  or  in  an  equimolecular  mixture. 

(9)  The  reduction  of  acid  nit  riles  yields  primary  amines;  these, 
nitrous  acid  converts  into  the  corresponding  alcohols. 

(10)  Acid  amides,  when  acted  upon  by  bromine  and  sodium  hy- 
droxide, split  off  CO  as  carbon  dioxide  and  pass  into  the  next  lower 
series  of  primary  amines.  This  reaction  answers  for  the  disintegration 
of  the  fatty  acids  (p.  25  2). 

The  constitution  of  the  fatty  acids  follows  from  this  production 
from  bodies  of  known  constitution  and  their  conversion  into  the  same. 

Acetic  Acid  [Ethan-acid']j  CH,.COOH,  Acidum  aceticum. — 
Acetic  acid,  formed  by  the  spontaneous  souring  of  alcoholic  liquids, 
is  the  acid  which  has  been  longest  known.  Vinegar  and  the  term 
"acid"  were  designated,  for  example,  by  the  Romans  by  closely 
related  words.     Wood  vinegar  became  known  first  in  the  middle  ages. 

Acetic  acid  is  fonnd  in  the  vegetable  kingdom  both  free  and  in  the  form  of  salts 
and  esters.  Thus,  it  was  mentioned  under  n-hexyl  and  n-octyl  alcohols  that  they 
occnmd  in  the  form  of  their  acetic  esters  in  the  ethereal  oil  of  the  seed  of  HeracUum 
giganteum  and  in  the  fruit  of  Heracleum  sphondylium.    The  officinal,  concentrated 
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acid,  as  well  as  the  thirty  per  cent,  aqueous  solution  of  the  acid,  are  applied  medici- 
nally. 

Acetic  acid  is  produced  in  the  decay  of  many  organic  substances 
and  in  the  dry  distillation  of  wood,  sugar,  tartaric  acid,  and  other 
compounds ;  also  in  the  oxidation  of  numerous  carbon  derivatives,  as 
it  is  very  stable  toward  oxidants. 

The  methods  of  forming  acetic  acid,  which  have  any  remarkable  theoretical  value, 
have  already  been  discussed  under  the  general  methods  for  the  production  of  fatty 
acids  (p.  239) ;  therefore,  they  will  be  but  briefly  noticed  here  : 

(1)  The  oxidation  of  ethyl  alcohol  and  acetaldehyde. 

(2)  The  reduction  of  oxyacetic  acid  or  glycollic  acid,  CH,(OH) .  CO,H,  and  the 
reduction  of  chlorinated  acetic  acids — e.  g.^  trichloracetic  acid,  CG|.  CO^H. 

Synthetically  :  (3)  From  methyl  C3ranide  or  acetonitrile. 

(4)  From  sodium  methylate  and  carbon  monoxide. 

(5)  From  sodium  methide  and  carbon  dioxide. 

(6)  From  phosgene  and  zinc  methide. 

By  decompoiition :  (7)  By  the  oxidation  of  acetone  and  many  mixed  methyl 
ketones. 

(8)  By  the  decomposition  of  many  unsaturated  acids  of  the  oleic  series  when 
fused  with  caustic  potash. 

(9)  From  aceto-acetic  ester  by  means  of  alcoholic  potash. 

( 10)  By  heating  malonic  acid. 

Finally,  a  rather  remarkable  synthesis  of  acetic  acid  consists  in  letting  air  and 
caustic  {x>tash  act  upon  acetylene  in  diffused  daylight  (Berthelot,  1870): 

CH=CH  +  H,0  -f  O  =  CH3 ,  COOH. 

Historical. — At  the  close  of  the  eighteenth  century  Lavoisier  recognized  the  fact 
that  air  was  necessary  for  the  conversion  of  alcohol  into  acetic  acid.  Its  volume  was 
correspondingly  diminished.  In  1830  Dumas  converted  the  aci^,  by  means  of 
chlorine,  into  trichloracetic  acid,  while  the  reconversion  of  the  latter  into  the  parent 
acid,  by  sodium  amalgam  and  water,  was  demonstrated  by  Melsens  in  1842.  But 
when,  in  1843,  Kolbe  succeeded  in  producing  trichloracetic  acid  {^,  274)  from  its 
elements,  the  tirst  synthesis  of  acetic  acid  was  accomplished. 

Acetic  acid  is  produced  (i)  by  the  oxidation  of  ethyl  alcohol  and 
liquids  containing  this  alcohol.  It  is  customary,  depending  upon 
their  origin,  to  distinguish  wine  vinegar,  fruit  vinegary  and  beer  vinegar, 

(I)  The  Quick- vinegar  Process  (Schiitzenbach,  1823). — The  acetic  fermenta- 
tion of  alcoholic  liquids  consists  in  the  transference  of  the  oxygen  of  the  air  to  the 
alcohol  (Pasteur).  This  is  effected  by  the  acetic  ferment,  the  **  mother  of  vinegar,*' — 
Mycodertna  aceti^  Micrococcus  aceti^  or  Bacterium  aceti,* — the  germs  of  which  are 
always  present  in  the  air.  In  this  process,  by  an  enlargement  of  the  contact  surface 
of  the  alcoholic  liquid  with  the  air,  there  ensues  an  accelerated  oxidation.  Large, 
wooden  tubs  are  filled  with  shavings  previously  moistened  with  vinegar,  then  the 
diluted  (ten  per  cent.)  alcoholic  solutions  are  poured  upon  these,  l^e  lower  part 
of  the  tub,  exposed  in  a  warm  room  (2$°-^oP),  is  provided  with  a  sieve-like  bottom, 
and  all  about  it  are  holes  permitting  the  entrance  of  air  to  the  interior.     The  liquid 


*  Vorlesungen  tiber  Bacterien  von  A.  de  Bary,  1887.     Die  G&hrungschemie  voo 
Adolf  Mayer,  1895. 
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collecting  on  the  bottom  is  run  through  the  same  process  two  or  three  times,  to  insure 
the  conversioQ  of  all  the  alcohol  into  acetic  acid. 

(2)  Wood  Vinegar  Froceu. — Considerable  quantities  of  acetic  acid  are  also  ob- 
tained bjr  the  dry  dbtillation  of  wood  in  cast-iron  retorts.  The  aqueous  distillate, 
consisting  of  acetic  acid,  wood  spirit,  acetone,  and  empyreumatic  oils,  is  neutralized 
with  soda,  evaporated  to  dryness,  and  the  residual  sodium  salt  heated  to  230^-250^. 
In  this  manner,  the  greater  portion  of  the  various  organic  admixtures  is  destroyed, 
sodium  acetate  remaining  unaltered.  The  salt  purifi^  in  this  way  is  distilled  with 
sulphuric  acid,  when  acetic  acid  is  set  free  and  purified  by  further  distillation  over 
potassium  chromate. 

Properties, — Anhydrous  acetic  acid  at  low  temperatures  consists  of 
a  leafy,  crystalline  mass — glacial  acetic  acid — fusing  at  16.7^,  and 
forming  at  the  same  time  a  penetrating,  acid  smelling  liquid,  of 
specific  gravity  1.0497  at  20^.  It  boils  at  118°,  and  mixes  with  water 
in  all  proportions.  In  this  case  a  contraction  first  ensues,  conse- 
quently the  specific  gravity  increases  until  the  composition  of  the  solu- 
tion corresponds  to  the  hydrate,  QH^Ot  +  H,0  (=  CH,.  C(OH^,) ; 
the  specific  gravity  then  equals  1.0754  (77-80  per  cent.)  at  15°.  On 
further  dilution,  the  specific  gravity  becomes  less,  until  a  50  per  cent, 
solution  possesses  about  the  same  specific  gravity  as  anhydrous  acetic 
acid.  Ordinary  vinegar  contains  about  5-15  per  cent,  of  acetic  acid. 
Acetic  acid  is  an  excellent  solvent  for  many  carbon  compounds. 
Even  the  haloid  acids  dissolve  readily  in  glacial  acetic  acid  (B.  11, 
1 221).  Pure  acetic  acid  should  not  decolorize  a  drop  of  potassium 
permanganate.  It  may  be  detected  by  conversion  into  volatile  acetic 
ether  when  heated  with  alcohol  and  sulphuric  acid  (p.  255),  or  by 
the  formation  of  cacodyl  oxide  (p.  1 76). 

Acetates, — The  acid  combines  with  one  equivalent  of  the  bases, 
forming  readily  soluble,  crystalline  salts.  It  also  forms  basic  salts  with 
iron,  aluminium,  lead  and  copper;  these  are  sparingly  soluble  in 
water.  The  alkali  salts  have  the  additional  property  of  combining 
with  a  molecule  of  acetic  acid,  yielding  a^/V/ salts,  C,H,K0,+C,H40,. 

Potassium  Acetate^  C,H,KO,,  deliquesces  in  the  air  and  dissolves  readily  in  alco- 
hol. The  acid  salt,  C^HsKO,  .  CfH^O,,  crystallizes  out  in  pearly  leaflets.  It  fuses  at 
1480.  The  salt^  C,H,0,K  -f  ^Q^^^fi^,  melting  at  1 12«,  is  decomposed  at  170®  into 
acetic  acid  and  the  neutral  salt. 

Sodium  Acetate ^  C,H,NaO,  -f  3H,0,  crystallizes  in  large,  rhombic  prisms.  The 
crystals  effloresce  on  exposure.  When  heated,  the  anhydrous  salt  remains  unchanged 
at  310^ 

Ammonium  Acetate,  C^\l^(^Yi^0^t  is  a  crystalline  mass.  Heat  applied  to  the  dry 
salt  converts  it  into  water  and  acetamide.  Calcium  Acetate ^  (^s^s^s)3^^  ~i~  ^i^* 
and  Barium  Acetate,  fC.H,02).Ba  -f-  H3O,  dissolve  readily  in  water. 

Ferrous  Acetate,  (CjHjO.VFe,  oxidizes  in  the  air  to  insoluble  basic  ferric  acetate. 
Neutral  ferric  acetate,  (C,HjO,)jFe„  is  not  crystallizable.  On  boiling,  ferric  oxide 
b  precipitated  in  the  form  of  basic  acetate.  The  same  may  be  said  in  regard  to 
aluminium  acetate.  Both  salts  are  applied  as  mordants  in  dyeing,  as  they  are  capable 
of  uniting  with  the  cotton  fiber.  The  basic  salts  produced  on  the  application  of  heat 
are  capable  of  retaining  dyes. 

Neutral  Lead  Acetate,  (ClHj,0,)jPb  -}-  3HjO,  is  obtained  by  dissolving  lithar^je  in 
acetic  acid.  The  salt  forms  briJIiant  four-sided  prisms,  which  effloresce  on  exposure. 
It  possesses  a  sweet  taste  (hence  called  sugar  of  lead) ^  and  is  poisonous.  If  an 
solution  of  sugar  of  lead  be  boiled  with  litharge,  basic  lead  salts^  of  varying 
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K  4x1  vxsiUf  Ml. . .  A' .  C\Hj^i^**^H  and  C,H,0,PI>  .O  .Pb  .O . Pb.C,H,0,,  are  produced. 
I  h<>u  «lkAline  lolutions  hod  applicatioD  under  the  designation — iead  vinegar.     Solo- 
IKau  \\\  Iwijiic  lead  acetates  absorb  carbon  dioxide  from  the  air  and  deposit  bask  car- 
A^  «/V«  \\{  lead— white  lead. 

//vt«/  /<^r<f-ar<'/a/r.  (C,H,0,)4pb  is  obtained  when  minium  is  dissolved  in  hot 
HUrml  acetic  acid.     From  the  hltrate  colorless  monoclinic  prisms  separate;  these 

melt  at  i75*(Ka9.  R.  342). 

AVji/rif/  Copper  Acetate^  (C,H,0,),Cu  -f-  H,0,  is  easily  soluble  in  water.  Bant 
copper  salts  occur  in  trade  under  the  title  of  verdigris.  They  are  obtained  by  dis- 
solving copper  strips  in  acetic  acid  in  presence  of  air.  The  double  salt  of  acetate 
and  arsenite  of  copper  is  the  so-called  Sckweinfnrt  Green — mitis  green. 

Silver  Acetate^  C^H,0,Ag,  separates  in  brilliant  needles  or  leaflets.  The  salt  is 
soluble  in  9S  parts  water  at  14^  C. 

The  decompositions  of  jlhe  acetates  have  been  previously  given  at 
various  points;  summarized  they  are: 
(i)  Potassium  acetate,  when  electrolyzed,  yields  ethane  or  dimethyl 

(P-  76)- 

(2)  Sodium  acetate,  heated  with  soda  lime,  yields  methane  (p.  81). 

(3)  Potassium  acetate  and  arsenious  oxide,  on  the  application  of 
heat,  yield  cacodylic  oxide  (p.  177). 

(4)  Ammonium  acetate  loses  water  on  the  application  of  heat  with 
ihc  formation  of  acetamide  (p.  265). 

^O  Calcium  acetate  is  decomposed  by  heat  into  acetone  (p.  21 4V 
(i\\  Calcium  acetate  and  calcium  formate,  heated  together,  yield 

^,>;*iv/^(p.  195)- 

7)  Calcium  acetate  and  the  calcium  salts  of  higher  fatty  acids 
U  mixed  methyl  alkyl-ketones  when  they  are  heated  (p.  210). 
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PROPIONIC  ACID.    BUTYRIC  ACIDS.    VALERIC  ACIDS. 

I^n  following  table  contains  the  melting  points  (B.  29,  R.  344), 
^Kv'  I^Uling  points,  and  the  specific  gravities  of  the  normal  acids  and 
vVu  JMiUuerides: 


Name. 


|iv>)iUiUt(-  Acid,  Methyl  Acetic 

Vviil, 

o  hia\Ui^  Acid,  Ethyl  Acetic 

\M 

^v>lj(Uviii^     Acid,     Dimethyl 

\.  I  tH  Ati<l, 

^  V'il'Hi      Aiid,     n- Propyl 

\i  >  III  /\(  ill, 

•^  ,..liHi       Arid,      Isopropyl 

c  Acid,  .   . 
Lcid,  Pival- 


Formula. 


CH, .  CHr-CO,H 

CH, .  (CH,),CO,H 

^^»>CH— CO,H 

CH,(CH,),CO,H 

C3H, .  CH,_CO,H 
^^"»  >CH— CO,H 

(cn,)5C .  co,H 


M.  P. 

B.  P. 

-36.5° 

I400 

— 

i63« 

-79» 

1550 

-59' 

i86<» 

-51" 

I74« 



1750 

+35^ 

1630 

Specific 
Gravity. 


0.9920  (l8<*) 

0.9587(200) 

0.9490  (20«*) 

0.9568(00) 

0.9470(00) 
0.9410  (21O) 
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Propionic  Acid,  Methylacetic  Acid  [Propcm-acid],  CH, .  CH, .  CO^H,  may  be 
prepared  by  the  methods  in  general  use  id  making  tatty  adds ;  (l)  by  the  oxida- 
tion of  normal  propyl  alcohol  and  propylaldehyde  with  chromic  acid ;  (2)  by  reduc- 
tion oi  acrylic  acid  (p.  280)  nxiA  propargylic  actd  (p.  287) ;  (3)  by  reduction  kA  lactic 
acidf  CH, .  CH(OU).CO,H,  and  glyceric  acid;  (4)  (synthetically)  from  ethyl 
alcohol  ibioQ!^  its  conversion,  by  means  of  ethyl  iodide,  into  ethyl  cyanide  or  pro- 
pionitrile;  (5)  from  sodium  ethylateand  carbon  monoxide;  (6)  from  sodium  ethide 
and  carbon  dioxide ;  (7)  (  by  decomposition)  in  the  oxidation  of  methyl-ethyl,  methyl- 
propyl  and  diethyl-ketone ;  (8)  by  the  action  of  alcoholic  potash  upon  methyl  aceto- 
acetic  ester  with  the  simultaneous  production  of  ethyl  methyl  ketone ;  (9)  from 
methylmalonic  acid  or  isosuccinic  acid  by  the  application  of  heat. 

Its  formation  from  malate  and  lactate  of  calcium  by  fermentation  is  worthy  of 
note  (B.  12,  479;  17,  1190).  Gottlieb  first  discovered  propionic  acid  in  1847,  when 
he  fused  cane  sugar  with  caustic  potash.  Dumas  gave  the  acid  its  name,  derived 
from  irpoTOif  the  firsts  niupffatf  because  when  treated  in  aqueous  solution  with  calcium 
chloride  it  separated  as  an  oil.  It  is  the  first  acid  which  in  its  behavior  approaches 
the  higher  fatty  adds. 

The  barium  salt,  (C,H(0,),Ba  -f-  H,0,  crystallizes  in  rhombic  prisms.  The  silver 
salt,  C,H^O,Ag,  dissolves  sparingly  in  water. 

Butyric  Acids,  QHbO,. 

Two  isomeric  acids  are  possible : 

(i)  Normal  Butyric  Acid,  Ethyl  Acetic  Acid  [Butan  acid'\, 
butyric  acid  of  fermentation,  occurs  free  and  also  as  the  glycerol  ester 
in  the  vegetable  and  animal  kingdoms,  especially  in  the  butter  of  cows 
(to  the  amount  of  five  per  cent.,  together  with  considerable  of  the 
glycerides  of  palmitic,  stearic,  and  oleic  acids),  in  which  Chevrenl 
found  it,  in  the  course  of  his  classic  investigations  upon  the  fats.  It 
exists  as  hexyl  ester  in  the  oil  of  Heracleum  giganteunty  and  as  octyl 
ester  in  Pctstinaca  saliva.  It  has  been  observed  free  in  the  perspira- 
tion and  in  the  fluids  of  the  flesh.  It  may  be  obtained  by  the  usual 
methods  employed  for  the  preparation  of  fatty  acids,  and  is  produced 
in  the  butyric  fermentation  of  sugar,  starch  and  lactic  acid,  and  in 
the  decay  and  oxidation  of  albuminoid  bodies. 

Ordinarily  the  add  is  obtained  by  the  fermentation  of  sugar  or  starch,  induced  by 
the  previous  addition  of  decaying  substances,  e.  g. ,  cheese,  in  the  presence  of  calcium 
or  zmc  carbonate,  intended  to  neutralize  the  acids,  which  are  formed.  According  to 
Fit2,  the  but3mc  fermentation  of  glycerol  or  starch  is  most  advantageously  evoked  by 
the  direct  addition  of  schizomycetes,  especially  Bacillus  suStilis  and  Bacillus  boocopri- 
CMS  (B.  XX,  49,  53;  29,  2726). 

Butyric  acid  is  a  thick,  rancid-smelling  liquid,  which  solidifies  when 
cooled.  It  boils  at  163^.  It  dissolves  readily  in  water  and  alcohol, 
and  may  be  thrown  out  of  solution  by  salts.  The  ethyl  ester  boils  at 
120**. 

The  calcium  salt,  (C«H,0,),Ca  4-  H,0  (A.  2x3,  67),  yields  brilliant  leaflets,  and 
b  less  soluble  in  hot  than  in  cold  water  (in  3.5  parts  at  15°}  \  therefore  the  latter 
grows  turbid  on  warming. 

(2)  Isobutyric  Acid,  (CHj), .  CH  .  CO,H,  dimethyl  acetic  acid 
[Methyl  Propan-acid],  is  found  free  in  carobs  {Ceratonia  silica). 
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as  octyl  ester  in  the  oil  of  Pastinaca  sativa^  and  as  ethyl  ester  in 
croton  oil.  It  is  prepared  according  to  the  general  methods  (p.  239), 
while  concentrated  nitric  acid  converts  it  into  dimtropropane(^>  ^S^)- 
Potassium  permanganate  oxidizes  it  to  a-oxyisobutyric  acid. 

Isobutyric  acid  bears  great  similarity  to  normal  butyric  acid,  but  is  not  miscible 
with  water. 

The  caUium  salt,  (Cfi,^0^fi9i  -f  5H,0,  dissolves  more  readily  in  hot  than  in  cold 
water. 

Valeric  Acids,  C5H10O,.  There  are  four  possible  isomerides 
(compare  table,  p.  246) : 

(1)  Normal  Valeric  Acid,  n-Propylacetic  Acid  [Pentan-acid],  CH,.  (CH,),.  - 
CO,H,  is  formed  according  to  the  usual  methods  (p.  239). 

Ordinary  valeric  acid,  or  baldrianic  acid,  occurs  free,  and  as  esters 
in  the  animal  and  vegetable  kingdoms,  chiefly  in  the  small  valerian 
ro«t  (^Valeriana  officinalis)^  and  in  the  root  of  Angelica  Archangelica^ 
from  which  it  may  be  isolated  by  boiling  with  water  or  a  soda  solution. 
It  is  a  mixture  of  isovaleric  acid  with  the  optically  active  methyl-ethyl 
acetic  acid,  and  is  therefore  also  active.  A  similar  artificial  mixture 
may  be  obtained  by  oxidizing  the  amyl  alcohol  of  fermentation 
(p.  127)  with  a  chromic  acid  solution.  Valeric  acid  combines  with 
water  and  yields  an  officinal  hydrate,  QHjoO,  -}-  HjO,  soluble  in  26.5 
parts  of  water  at  15°. 

(2)  Isovaleric  Acid,  Isopropyl  Acetic  Acid  [3  Methylbutan- 
acid],  (CH,), .  CH.  CH,.  CO,H,  may  be  synthetically  obtained  by 
some  of  the  methods  described  on  p.  240.  It  is  an  oily  liquid  with 
an  odor  resembling  that  of  old  cheese. 

Potassium  permanganate  oxidizes  isovaleric  acid  to  /?-oxyisovaleric  acid,  (CH,), .  - 
C(OH) .  CHy .  CO,H.  Concentrated  nitric  acid  attacks,  in  addition,  the  CH-group, 
forming  methyloxysuccinic  acid,  P-nitroisova Uric  add,  (CH,), .  C(NO,) .  CH,  COjH, 
and  P-dinitropropanCj  (CH.)jC(NO,),  (B.  15,  2324). 

The  isovalerates  generally  have  a  greasy  touch.  When  thrown  in  small  pieces 
upon  water  they  have  a  rotary  motion,  dissolving  at  the  same  time.  Barium  saU^ 
(C5H,0,),Ba.  The  calcium  salt,  (C5H,0,),Ca  +  3H,0,  stable,  readily  soluble 
needles.  The  zinc  salt,  (CgH^O^^^Zn  -f-  2Hfi,  crystallizes  in  large,  brilliant  leaflets ; 
when  the  solution  is  boiled  a  basic  salt  separates. 

(3)  Methyl-ethyl    Acetic   Acid,   [2-Methyl-butan-acid],   5|J»>Sh.CO,H, 

contains  an  asymmetric  carbon  atom,  and,  like  its  corresponding  alcohol  (p.  1 27),  may 
exist  in  two  optically  active  and  one  optically  inactive  modification,  llie  optically 
inactive  form  has  been  synthesized,  and  has  also  been  resolved  by  means  of  its  brucine 
salts  into  its  optically  active  components.  The  1-salt  dissolves  with  difficulty.  The 
specific  rotatory  power  of  the  optically  active  methyl-ethyl  acetic  acids  is : 

[a]s  =  dbi7.85'*  (B.  29,  52). 

Calcium  salt,  (CjH,0,),Ca -f  5H,0. 

An  optically  active  methyl-ethyl  acetic  acid  is  present  in  the  naturally  occurring 
valeric  acid,  together  with  isopropyl -acetic  acid,  but  in  consequence  of  the  slight 
crystallizing  power  of  its  salts  it  has  not  been  isolated  from  the  isopropyl -acetic 
acid  (A.  204,  159),  and  is  obtained  by  the  oxidation  of  the  amyl  alcohol  of  fermenta- 
tion (see  above). 
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U)  Trimethyl  Acetlt  Acid,  (CH,),C.CO,H  {Pivalica^d),  [IMmetbjrlpiopMi- 
■dd],  a  fotiDcd  from  lertiorj  butjl  iodide,  (CH,),CI  (p.  140],  bj  mcftn*  o(  (he 
cjruiide,  •bo  by  (he  oiidalioo  of  pinacoline  (p.  216).  The  acid  ii  lolublr  in  40 
pkiU  H,0  i(  10°,  and  hu  an  odor  lesembling  that  of  acetic  acid. 

BanumiaU,  (C(H,0,},Ba +  5H,0.     Calcium  laU,  (C^Hfi^\C^ -\- iKfi. 
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The  subjoined  table  contains  the  melting  and  boiling  points  of  the 
higher  fatty  acids,  beginning  with  (hose  containing  six  carbon  atoms. 
The  boiling  points  enclosed  in  parentheses  were  determined  under 
100  mm.  pressure : 


n-Hexoic  Acid,  n-Caproic  Acid. 
Iiobntjl  Acetic  Acid   (B.  vj, 

R-  «90 

Sec.  Batfl  Ace(ic  Acid  (B.  ae, 
R«i) ■' 


Dietbylacetic  Acid 

Me(hyl-n- propyl  Acetic  Acid,  , 
Methfl-iiopropjrl  Acetic  Acid, 

Dimethyl -ethjl  Acetic  Add,   . 
n-Heptoic     Acid,     C)enanthyliS 


CH,.(CH,),CO,H 
(CH,),CH[CH,],CO,H 
{C.H5)  CH,)CHCH, .  CO,H 
X"j^5>CH.CO,H 
}(VJ{'>CH.C(>,H 


fCCO^H 


Methyl -D-biily I  Acetic  Acid,   . 

Ethyl-D-propyl  Acetic  Acid,    . 

Metbyl -diethyl  Acetic  Acid,    . 

D-Octoic  Add,  Caprylic  Acid,  . 
o-NoDoic  Acid,  PeUi^onic  Add, 

D-Capric  Add, 

n-Undecylic  Acid 

n-Laoric  Add 

n-Trideeylic  Add, 

n-Myristic  Add 

D'Pentadccatoic    Add    (B.    a,j, 

R- 191). 

D-Palmitic  Acid, 

D'Maipuic  Add, 

D-Sie«ric  Acid, 

Di-n-octyl  Acetic  Acid,  .  .  . 
n-Anchidic  Add, 

Bebeoic  Acid 

Cemic  Acid, 

Melinic  Add, 


CH,(CH,),CO,H 
^^»>CH .  CCJjH 
^||»>CH.CO,H 

'■C.CO.H 

CH,(CM,-|,CO,H 
CH,(CH,'LC0,H 

CH,[CH,l,CO,H 
CH,(C(l,l,CO,H 
CH,(CH,),ot^fi,H 
CH,  CH,i,,CO,H 
CH,(CH,)„CO,H 

CH,(CHJ,,CO,H 
CIl,(CH,),.CO,H 
Cn,((.H,l,sCO,H 

cn,,(Cii,i,„c(',n 
[cir,(cn,),],cnco,H 

ShV 


191" 
187- 


aa3" 
aio» 


208" 

2S4» 

(2II.S«) 

"5°) 
(336') 

(280.5") 

(Z9i«) 


a.  ^  -1  lie  i-nei  lc  LiC.  iur:::z  an  even  naaiber 
.-r*r  a.niisg  ti:-:;sv-t  i  .n  zht  ZsXIitmi  oits  and  fats, 
^    \n^'i'»   :c  tiiesc  a:.ds.     IV^nirdc  and  stearic 

i-JT  r-i.-  .i.T/L  CH,  CH,),CX),H,  occtns  in  the 

- .^     TT-  .  =>^  rr  ^  rc«*-*5  ":u: jct.  roo.:  irjucr,  and  :e  cocoanut  oil. 

•  ^~'  :^^  w-.*t  r»i:;»T:c  xc.d.  in  the  bctjTic  fennentation. 

C4«''-.i"^'>"i»^  ^7^i.  ZffffTr^z^'Acz^.  CH/CH.  ^CX)sH,  can  easily 

•  .-    '.-.  ^  :.:  :-.-'.:.i:r  :c  prjcict  of  ^rmamtk^i    p.  196). 
O***  ^- ^  ^^»i*  X  Czt,x^  AciJl  CH,'  CH,  \,CO,H,  occurs  as  glycerol 
.  ^  ^  :v.L'  t:r  lac  in  manj  fats  and  oiis ;  also  in  the  fosel-oil  of 


^^»1  s^«m.«r  ^-id^  CH,  CH,.,CO,H,  is  pnscnt  in  die  Wtcs  of 
....  •       rw^.  acM  B  pvTcarcd  it  tbe  oiJiA:j:<i  of  oleic  acid  and  oil  of  me 
-.  vj       4  xce.  r>  21'.  .     It  OUT  also  De  oo(a:ced  bj  the  ioaion  of  nndccjl- 

,  •^•-^  \w^,  •»  -V'-.s.-  .-#.'.?,  CH.  CH.  .CO,H,  is  present  in  butter,  goat  batter, 
.  .^wi    «.  Alio   1  zr~T  rats,  axkd  as  aa^l  ester  in  fnad  oil.    It  is  the  first  nonnal 
^  ^     .  -.   >  -^"^u  Jt  Lse  orLriJTy  tempcTaiiue. 

.  aw««:vtic  Acad.  CH,  CH,  ^CO^H,  b  oUuned  br  reduction  of  imdecjlenic 

.»..*»<  /%^t«i.  a  D'Jfr'.'u'  Acii^  CH,^CH,i,,CO,H,  ocoBS  as  glyoerol- ester  in 
<«      U.I.    4  ^tmrui  ic.^./ii,  and  in  pichoriam  benns^     It  is  loBid  as  ettyiesierxn 

X>»*^^  Acid,  n-  TetraJe^ylk  AcU,  CH, .  (CH,^„COl,H,  ooons  in  mnscat  butter 
^w«    /•"#..*!«  wj'j^^xTj),  in  spermaceti  nid  oil  of  cocoannt,  in  mrristin  (B.  z8, 

V  . .  .   i^  14J0  .  in  earth-nots  (B.  ss,  I743)f  in  ox -bile  (B.  S5,  1829),  and  as  free 

.^  .'.  K>  ^«ti  A»  atMhrl  ester,  in  iris  root  (B.  16,  2677). 


Pulmitic   Add,    nHexadrcylic  Acid,    CH,(CH,)„CO,H.— The 

,  •  vviv*  oicr  oi  this  acid  and  that  of  stearic  acid  and  oleic  acid  con- 

> c  :ac  principal  ingredients  of  solid  animal  fats.     Palmitic  acid 

>.v.*i:>  >n  rather  large  quantities,  partly  uncombined,  in  palm  oil. 
n;  ^  laiactrti  is  the  cetyl-ester  of  the  acid,  while  the  myricyl  ester  is  the 
.  .>.vi  constituent  of  beeswax.  The  acid  is  most  advantageously  ob- 
...  cd  from  olive  oil,  which  consists  almost  exclusively  of  the  glycerides 
>.  Maltuuicand  oleic  acids  (see  latter) ;  also,  from  Japanese  beeswax,  a 
^  >vcndc  of  palmitic  acid  (B.  2X,  2265).  '^^  ^^'^  ^^  artificialiy 
!iKulc  by  heating  cetyl  alcohol  with  soda  lime  to  270^;  also  by  fusing 
uv;^'ihcr  oleic  acidzxa^  potassium  hydroxide. 

MAfg^aric  Acid,  0,^ Hj^O.,  does  not  apparently  exist  naturally  in  the  fats.  '  It  is 
ut.ivlv-  lu  an  artificial  way  by  boiling  cetyl  cyanide  with  caustic  potash. 

^ ****»•••**  Acid,  TL' Octodecylic  Acid,  CH,(CH,)i,CO,H,  is  associated 
*:  and  oleic  acids  as  a  mixed  glyceride  in  solid  animal  fats 
Its  name  is  derived  from  ttriap  ^  tallow. 

:id,CH3(CH,),9COyH,  occurs  in  earth-nut  oil  (from  Arackts  Aypqgtta). 

ined  synthetically  from  aceto-acetic  ester  and  octodecyl  iodide  (finom 

;)  (B.  17,  R.  570).     For  products  derived  from  aracbidic  acid,  see 

'^'*»'omic  Acid,  derived  from  cacao  butter,  melts  at  72^,  and 

H  aracbidic  acid. 
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Behenic  Acid,  C^H^O,,  is  found  in  the  oil  obtained  from  Moringa  olH/era,  and 
has  been  prepared  by  the  redaction  of  iodobehenic  acid  from  erucic  acid  (B.  27, 

R-  577). 

Cerotic  Acid,  C^^^fl^  (B.  39,  R.  995),  occurs,  together  with  melissic  acid,  in  a 

free  condition  in  beeswax ,  and  may  be  extracted  from  this  on  boiling  with  alcohol. 
As  ceryl  ester,  it  constitutes  the  chief  ingredient  of  Chinese  wax.  Its  name  is  derived 
from  cera  =  wax. 

Melissic  Acid,  C^^JIfgO,,  is  formed  from  m3rricyl  alcohol  (p.  130)  when  the 
latter  is  heated  with  soda-lime.  It-  is  a  waxy  substance,  melting  at  88®,  and  is  really, 
as  it  appears,  a  mixture  of  two  acids. 

The  adds  mentioned  in  the  table,  but  not  described  here,  have  been  prepared  by 
the  nsnal  synthetic  methods.  Some  of  them  will  be  encountered  later  in  the  form  of 
oxidation  or  reduction  products  of  complicated,  complex  aliphatic  derivatives. 


SYNTHESIS  AND  DBCOMPOSITION  OP  THE  FATTY  ACIDS. 

The  synthetic  methods  presented  for  the  production  of  the  fatty  acids  are  noC 
equally  well  adapted  for  this  purpose.  Thus,  methods  5,  6,  and  7  (p.  240)  are  re- 
stricted to  the  synthesis  of  the  simplest  members  of  the  series.  Reactions  more 
satisfactory  than  these,  and  especially  6t  for  the  synthesis  of  the  higher  monodialkylic 
acetic  acids,  are  based  on  the  dejportment  of  acetoacetic  ester  and  malonic  ester 
(methods  10  and  li).  However,  from  the  very  nature  of  affairs,  trialkylic  acetic 
acids  can  not  be  synthesized  in  this  way.  It  is  only  the  fourth  method  of  formation 
— the  synthesis  of  an  acid  cyanide  from  the  iodide  of  an  alcohol  containing  an  atom 
less  of  carbon  than  the  cyanide  and  the  acid  derived  from  it — that  will  lead  to  the 
synthesis  of  not  only  mono-  and  di-,  but  also  of  trialkylic  acetic  acids.  The  nitriles 
of  the  latter — e.g. ,  of  trimethyl aietic  and,  dimetkylethyl  acetic  acid ,  and  dietkylmethyl 
acetic  acid — ^have  been  obtained  from  the  iodides  of  the  corresponding  tertiary  alco- 
hols. The  nitrile  S3mthesis  renders  the  formation  of  acids  from  alcohols  possible, 
and  inasmuch  as  acids  can  be  reduced  to  aldehydes  and  alcohols  by  the  fourth  trans- 
position method  (p.  243),  the  synthesis  of  these  two  classes  of  bodies  is  made  possible. 
Lieben,  Rossi,  and  Janecek  (A.  187,  126),  beginning  with  methyl  alcohol,  system. 
atically  prepared  the  normal  acids  and  corresponding  alcohols  up  to  oenanihic  acid, 
according  to  the  following  scheme : 

CH, .  OH >■  CH,I >  CH, .  CN >-  CH, .  CO,H >-  CH, .  CHO 

Methyl  Alcohol    Methyl  Iodide  Methyl  Cyanide  Acetic  Acid  Acetaldehyde 


>-CH,CO,H    ^CHj.CHO 


in. 


(^H. 


Ethyl  Alcohol       Ethyl  Iodide    Ethyl  Cyanide  Propionic  Acid         Propionic  Aldehyde. 


Three  reactions  come  into  consideration  in  the  breaking-down  or  decomposition 
of  the  nofinal  fatty  acids : 

(1)  The  method  of  formation  8  (p.  243)  of  carboxylic  acids:  oxidation  of  mixed 
meihyl-D'alkyl  ketones,  in  which  the  CO-group  continues  in  combination  with  the 
methyl  group. 

(2)  The  transformation  lo  (p.  243)  of  acid  amides  by  bromine  and  caustic  potash. 

(3)  The  action  of  iodine  upon  the  silver  salts. 

The  first  of  these  three  reactions  F.  Krafft  employed  in  a  systematic  way  for  the 
breaking-down  of  stearic  acid  into  normal  fatty  acids  of  known  constitution,  from 
which  it  was  concluded  that  stearic  acid  and  the  lower  homologues  derived  from  it 
possessed  normal  constitution.  Upon  distilling  barium  stearate,  {^i^jJ^O^^'Rii,  and 
barium  acetate,  (CHj .  C02)|Ba,  heptadecylmethyl  ketone,  C,^H«COCHj,  results. 
When  this  is  oxidized  it  breaks  down  into  margaric  acid,  C1QH33CO2H,  and 
acetic  add.    Barium  margarate  and  barium  acetate  yield  kexadecylmethyl  Jketcme, 


'•■' 
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C,^lf„.  CO.  CH„  and  this,  by  oxidation,  passes  into  palmitic  acid,  CuH,|00|H, 
and  acetic  acid,  etc. : 

C„n,5COC:)^^    (CH,CO,),Ba  CrO,       ^   r   W   ro  M 

C,"h;JcOO>^ di^a       >    C„H,5COCH,  — ^--— ^C„H„CO,H 

Barium  Stearate  ^ Margaric  Acid 

c;ftcOO>"^"^ Tci^COCH, 5.  C„H„CO,H 

Barium  Margarate  Palmitic  Add. 

A.  W.  Hofmann  (B.  19,  I433)  discovered  the  second  method.  It  will  be  treated 
more  fully  in  connection  with  the  acid  amides  and  nitriles  (p.  266).  The  presenta- 
tion of  its  course  by  diagram  will  only  be  given  here.  When  the  acid  amides  are 
treated  with  bromine  and  caustic  potash  they  split  off  CO  in  the  form  of  CO,  and 
pass  into  the  next  lower  primary  amines,  which  by  further  treatment  with  the  same 
reagents  become  the  nitrile  of  a  carboxylic  acid  containing  an  atom  less  of  carbon,  and 
its  amide  is  still  capable  of  a  like  transformation.  By  this  method  the  higher,  more 
easily  obtained  normal  fatty  acids  can  be  transposed  into  lower  acids : 

C„H„CONH, ->  C,,H„NH, >-  C,,H„CN >-   C.H^CONH, 

Myristamide  Tndecylamine  Tridecylnitrile  Trid«cylamide. 

(4)  Action  of  iodine  upon  silver  salts  :  silver  acetate  yields,  io  addition  to  CO,, 
the  acetic  methyl  ester;  silver  capronate  yields  CO,  and  caproic  amyl  ester  (B.  25,  K. 
581 ;  26,  R.  237): 

2CH3CO,Ag  -f- 1,  =  Cn,CO,CH,  +  CO,  +  2AgI. 


TECHNICAL  APPLICATION  OP  THE  PATS  AND  OILB. 

Animal  fats,  esi)ecially  sheep- tallow  and  beef- tallow,  the  nature  of 
which  was  made  clear  by  the  classic  researches  of  Chevreul  in  the  begin- 
ning of  this  century,  consist  mainly  of  a  mixture  of  glycerol  esters  of 
palmitic,  stearic,  and  oleic  acids,  which  are  commonly  called  palmitin, 
stearin,  and  olein.  They  have  been  used  in  the  preparation  of  arti- 
ficial butter  (margarine),  in  the  manufacture  of  stearin  candles,  soaps^ 
2Jid  plasters  from  the  acid  residues  present  in  them,  and  for  the  isola- 
tion of  glycerol,  which  is  used  in  part  as  such  and  in  part  in  the  form 
of  nitroglycerin.  Palm  fat,  cocoanutoil,  and  olive  oil  are  also  used 
as  raw  material.  ' 

The  so-called  stearin  of  candles  consists  of  a  mixture  of  stearic  and 
palmitic  acids.  For  its  preparatiojgfbeef- tallow  and  suet,  both  solid 
fats,  are  saponified  with  calcium  h^roxide  or  sulphuric  acid,  or  with 
superheated  steam.  The  acids  which  separate  are  distilled  with  super- 
heated steam.  The  yellow,  semi-solid  distillate,  a  mixture  of  stearic, 
palmitic,  and  oleic  acids,  is  freed  from  the  liquid  oleic  acid  by  preteing 
it  between  warm  plates.  The  residual,  solid  mass  is  then  fused  to- 
gether with  some  wax  or  paraffin,  to  prevent  crystallization  occurring 
when  the  mass  is  cold,  and  molded  into  candles. 

When  the  fats  are  saponified  by  potassium  or  sodium  hydroxide, 
salts  of  the  fatty  acids — soaps — are  produced,  ^.^.,  sodium  palmitate, 
according  to  the  equation  : 
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CHjO  .  CO(CH,),4  .  CH,  CH, .  OH 

CHO .  CO(CH,)i^ .  CH,  -f  sNaOH  =  CH .  OH  -}-  3CH,{CH,)„CO,Na. 

CHjO .  CO(CH,),4  .  CH,  CH, .  OH 

Palmitin  Glycerol  +  Sod.  Palmitate. 

The  sodium  salts  are  solids  and  hard,  while  those  with  potassium 
are  soft.  Salt  water  will  convert  potash  soaps  into  sodium  soaps. 
In  small  quantities  of  water  the  salts  of  the  alkalies  dissolve  com- 
pletely,  but  with  an  excess  of  water  they  suffer  decomposition,  some 
alkali  and  fatty  acid  being  liberated.  The  action  of  soap  depends  on 
this  fact  (B.  29,  1328).  The  remaining  metallic  salts  of  the  fatty 
acids  are  sparingly  soluble  or  insoluble  in  water,  but  generally  dissolve 
in  alcohol.  The  lead  salts,  formed  directly  by  boiling  fats  with 
litharge  and  water,  constitute  the  so-called  lead  plaster. 

The  natnral  fats  almost  inyariabljr  contain  several  faUy  acids  (frequently,  too,  oleic 
acid).  To  separate  them,  the  acids  are  set  free  from  their  alkali  salts  by  means  of 
hydrochloric  acid  and  then  fractionally  crystallized  from  alcohol.  The  higher,  less 
soluble  acids  separate  out  first.  The  separation  is  more  complete  if  the  adds  be 
fractionally  precipitated.  The  free  acids  are  dissolved  in  alcohol,  saturated  with 
ammonium  hydroxide,  and  an  alcoholic  solution  of  magnesium  acetate  added.  The 
magnesium  salt  of  the  higher  acid  will  separate  out  Brst ;  this  is  then  filtered  off  and 
the  solution  again  precipitated  with  magnesium  acetate.  The  acids  obtained  from 
the  several  fractions  are  subjected  anew  to  the  same  treatment,  until,  by  further  frac- 
tionation, the  melting  point  of  the  acid  remains  constant — an  indication  of  purity. 
The  melting  point  of  a  mixture  of  two  fatty  acids  is  usually  lower  than  the  melting 
points  of  both  acids  (the  same  is  the  case  with  alloys  of  the  metals). 

Lanoline,  or  wool  (at,  is  used  in  medicine. 


DERIVATIVES   OF  THE  ACIDS. 
I.  ESTERS  OP  THE  PATTY  ACIDS. 

The  esters  of  organic  acids  resemble  those  of  the  mineral  acids  in 
all  respects  (p.  136),  and  are  prepared  by  analogous  methods. 

Methods  of  Formation. — (i)  By  direct  action  of  acids  and  alcohols, 
whereby  water  is  formed  at  the  same  time : 

C,Hj.  OH  +  C,H,0.  OH  =  C^H^.O.  C,H,0  +  H,0. 

Th*s  transposition,  as  already  stated,  only  takes  place  slowly  (p.  137) ;  heat 
hastens  it,  but  it  is  never  complete.  If  a  mixture  of  like  equivalents  of  alcohol  and 
acid  be  employed,  there  will  occur  a  time  in  the  action  when  a  condition  of  equilib- 
rium will  prevail,  when  the  ester  formation  will  cease,  and  both  acid  and  alcohol  will 
be  simultaneously  present  in  the  mixture.  This  ensues  because  the  heat  modulus 
of  the  reaction  is  very  slight,  and  hence,  in  accordance  with  the  principles  of  thermo- 
chemistry, and  under  slightly  modi  Bed  conditions,  the  reaction  pursues  a  reverse 
course — i.  e.^  the  ester  is  decomposed  by  more  water  into  alcohol  and  acid,  since 
heat  is  generated  when  they  are  dissolved  by  the  water.  Both  reactions  mutually 
limit  themselves.  With  excess  of  alcohol,  more  acid  can  be  changed  to  ester,  and 
with  excess  of  acid  more  alcohol.  The  formation  of  the  esters  is  more  complete  and 
n^yid  if  the  reaction  products  are  assiduously  withdrawn  from  the  mixture.    This 
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may  l>e  effected  either  by  distillation  (providing  the  ester  is  readily  volatilixed),  or  by 
combining  the  water  formed  with  sulphuric  or  hydrochloric  acid,  when  the  heat 
modulus  will  be  appreciably  augmented  (A.  an,  208).  The  action  of  the  alcohol 
upon  the  carboxyl  group  may  be  supposed  to  take  place  in  that  itk  first  there  is  an 
addition  of  alcohol,  with  the  formation  of  a  monoalkyl  ether  of  the  ortho-acid,  and 
subsequently  a  splitting-off  of  water.  The  hydrochloric  acid  facilitates  this  in  that 
it  rearranges  itself  with  the  ortho-acid.  The  resulting  chloride  then  decomposes 
spontaneously  into  the  ester  and  hydrochloric  acid  (Henry,  B.  zo,  2041): 

/O .  CjHj  HCl            /OC,H,  yOCjH,. 

C-O  .  H ^  CH,C-OF  "     

\o .  H  "^a 


J^     CHsOH             /O.CjH^HCl            /OC,H,  CK 

CH, .  C^ >  CH,C-0  .  H >  CH,C-OH >•  CH,C/ 


We  practically  have  from  the  above  the  following  methods  of 
preparation :  (a)  Distil  the  mixture  of  the  acid  or  its  salt  with  alcohol 
and  sulphuric  acid.  (^)  Or,  when  the  esters  volatilize  with  diflficulty, 
the  acid  or  its  salt  is  dissolved  in  excess  of  alcohol  (or  the  alcohol  in 
the  acid),  and  while  applying  heat,  HCl  gas  is  conducted  into  the 
mixture  (or  HjSO*  added),  and  the  ester  precipitated  by  the  addition 
of  water,  {c)  The  acid  nitriles  can  be  directly  converted  into  esters 
by  dissolving  them  in  alcohol  and  heating  them  with  dilute  sulphuric 
acid  (p.  267).  In  the  case  of  many  acids,  a  low  percentage  of  alco- 
holic hydrochloric  acid  has  shown  itself  as  particularly  well  adapted 
for  esterification  purposes  (B.  a8,  3201,  3215,  3252;  compare  esters 
of  aromatic  carboxylic  acids). 

Berthelot  has  executed  more  extended  investigations  upon  the  ester  formation. 
These  are  of  great  importance  to  chemical  dynamics.  Proceeding  from  the  simple 
assumption  that  the  quantities  of  alcohol  and  acid  combining  in  a  unit  of  time  (speed 
of  reaction)  are  proportional  to  the  product  of  the  reacting  masses,  whose  quantity 
regularly  diminishes,  Berthelot  has  proposed  a  formula  (Annalen  ckim.  phis.^  1S62) 
by  which  the  speed  of  the  reaction  in  every  moment  of  time,  and  its  extent,  can  be 
calculated,  van't  Hoff  has  deduced  a  similar  formula  (B.  10, 669),  which  Guldberg- 
Waage  and  Thomsen  pronounce  available  for  all  limited  reactions  {ibid,^  10,  1023). 
For  a  tabulation  of  the  various  calculations  relating  to  this  matter,  see  B.  17,  2177  ; 
19,  1700.  Of  late,  Menschutkin  has  extended  the  investigations  upon  ester  forma- 
tions to  the  several  homologous  series  of  acids  and  alcohols  (A.  195,  334,  and  197, 
193  ;  B.  15, 1445  and  1 572 ;  ax,  R.  41).  It  has  been  found  that  the  normal,  primary 
alcohols  (methyl  alcohol  excepted)  possess  the  same  speed  of  reaction.  The  excep- 
tion is  more  reactive  than  the  others.  The  secondary  alcohols  are  esterified  more 
slowly,  and  in  the  case  of  the  tertiary  alcohols  this  process  proceeds  very  sluggishly. 
Formic  acid  is  more  reactive  than  acetic,  and  the  latter  more  so  than  the  succeeding 
homologucs,  with  which  the  speed  of  esterification  diminishes  as  the  molecule  grows 
larger.  In  acids  where  a  primary  alkyl  is  in  union  with  carboxyl,  the  initial  velocity 
is  the  greatest,  those  with  secondary  alkyls  are  less,  and  the  lowest  initial  velocity  is 
observed  with  acids  having  a  tertiary  alkyl. 

The  following  are  noteworthy  methods  of  formation : 

(2)  Rearrangement  of  the  alkyl  esters  of  mineral  acids  with  salts  of 

the  organic  acids : 
(a)  By  the  action  of  the  alkylogens  (I)  upon  salts  (Ag)  of  the 

acids : 

CjHJ  -f  CH5O .  OAg  =  ^"|^>0  -f  Agl. 
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(d)  By  the  dry  distillation  of  a  mixture  of  the  alkali  salts  of  the 
fatty  acids  and  salts  of  alkyl  sulphates : 

(3)  By  the  action  of  aaW  chlorides  (p.  25  7)  or  acid  anhydrides  (p. 
25  7)  01^  ^^c  alcohols  or  alcoholates : 

a,  CH,0.  a  +  C,Hj.  OH  =  p^^>0  -|-  HQ 

h,  CjHjOH  +  (CH,CO),0  =  CH,COOC,H,  +  CH,COOH. 

(4)  Electrosyntheses  of  monocarboxylic  esters  (p.  240). 
Properties. — Usually,  the  esters  of  fatty  acids  are  volatile,  neutral 

liquids,  soluble  in  alcohol  and  ether,  but  generally  insoluble  in  water. 
Many  of  them  possess  an  agreeable  fruity  odor,  are  prepared  in  large 
quantities,  and  find  extended  application  as  artificial  fruit  essences. 
Nearly  all  fruit-odors  may  be  made  by  mixing  the  different  esters. 
The  esters  of  the  higher  fatty  acids  occur  in  the  natural  varieties  of 
wax. 

Consult  B.  14,  1274;  A.  218,  337  ;  220,  290,  319 ;  223,  247,  upon 
the  boiling  points,  the  specific  gravities  and  specific  volumes  of  the 
fatty  acid  esters. 

Transformations. — (i)  When  the  esters  are  heated  with  water  they 
sustain  a  partial  decomposition  into  alcohol  and  acid.     This  decom- 
position {saponification)  (p.  112)  is  more  rapid  and  complete  on  heat 
ing  with  alkalies  in  alcoholic  solution  : 

CjHjO .  O .  C^Hj  -}-  KOH  =  CjHjO .  OK  +  C^Hj .  OH. 

ConsiiU  A.  228,  257,  and  23a,  103 ;  B.  ao,  1634,  upon  the  velocity  of  saponiBca- 
tkm  by  varioiiu  bases. 

-  (2)  Ammonia  changes  the  esters  into  amides  (p.  262) : 

C,H,0 .  O  .  CjHj  -f  NH,  =  CjHj .  O .  NH,  +  CjHj .  OH. 

(3)  The  haloid  acids  convert  the  esters  into  acids  and  haloid- esters  (A.  2xz,  178)  : 

CjHjO  .  O .  C,Hj  +  HI  =  C,HjO  .  OH  +  C,HJ. 

(4)  By  the  action  of  PCI5  the  extra-radical  oxygen  is  replaced  by  chlorine,  and 
both  radicals  are  converted  into  halogen  derivatives.  Compare  oxalic  ester  for  the 
cooise  of  this  reaction : 

C,H,0. 0 .  CjHj  +  PQj  =  CjHjO .  CI  +  C^H^Q  +  POCl,. 

(5)  The  esters,  containing  alcohol  radicals  with  high  molecular  weight,  break 
down,  when  heated  or  distilled  under  pressure,  into  fatty  acids  and  olefines  (p.  92). 

Esters  of  Acetic  Acid.— The  Methyl  Ester,  Methyl  Acetate,  C,H,0,  .  CH„ 
occurs  in  crude  wood-spirit,  boils  at  57.5°,  and  has  a  specific  gravity  of  0.9577  at  o®. 
When  chlorine  acts  upon  it  the  alcohol  radical  is  first  substituted  :  C^HjO,  .  CH,Q 
boils  at  ISC'* ;  C,H,OL .  CHCl,  boils  at  hS'*. 

The  Ethyl  Ester,  Ethyl  Acetate— Acetic  Ether— CjH.O,  .  CjlTj,  boils  at  77*>.  At 
cP  its  sp.  gr.  equals  0.9238.  It  is  technically  prepared  from  acetic  acid,  alcohol,  and 
solphnric  acid.     It  is  the  officinal  ^ther  aceticus.     It  is  the  starting-point  for  the 
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production  of  acetoacttic  ester^  CH, .  CO .  CH,  .  CO, .  C,H,,  a  factor  in  the  formation 
of  antipyrine. 

Chlorine  produces  substitution  products  of  the  alcohol  radicals.  The  xk-prapyl  ester 
boils  at  101°.     The  isopropyl  ester  boils  at  91®. 

n- Butyl  ester  boils  at  124^.  The  isobutyl  ester  boils  at  1 16®,  the  secondaiy  butyl 
ester  at  III®,  and  the  tertiary  at  96°. 

The  ^w^'/ £j/^r  boils  at  148°;  n- propyl -methyl  carbinol  acetate,  (CH,CH,CH,)- 
(CHj)CHO .  CO  .  CH„  at  133®,  and  isopropyl  methyl  carbinol  acetate  at  125®.  At 
200®  it  splits  up  into  amylene  and  acetic  acid.  Isobutyl  carbinol  euetate^  the 
acetic  ester  of  amyl  alcohol  of  fermentation,  boils  at  140^.  A  dilute  alcoholic  solution 
of  it  has  the  odor  of  pears,  and  is  used  as  pear  oil. 

Aceticn- Hexyl  Ester  occurs  in  the  oil  of  Heracleum  gii^anteum.  It  boils  at  169- 
170^  and  possesses  a  fruit-like  odor.  Aceticnoctyl  ester  is  also  present  in  the  oil 
of  Heracleum  giganteum.     It  boils  at  207®  and  has  the  odor  of  oranges. 

The  allyl-esterhoWs  at  98-100°. 

For  higher  acetic  esters,  see  A.  233,  260. 

Orthoacetic  Ester ^  CH, .  C(0  .  €2115)3,  boiling  at  132°,  is  produced  on  warming 
a-trichlorethane  or  methyl  chloroform^  CHj .  CCI,  (p.  I03),  with  sodium  ethylate  in 
ethereal  solution. 

Furthermore,  the  addition  products  of  the  aldehydes  and  acetic  anhydride  are  the 
acetic  esters  (p.  191)  of  those  glycols  not  capable  of  existing  in  a  free  condition. 
The  aldehydes  are  probably  the  anhydrides  of  these  bodies. 

Later,  in  the  presentation  of  the  polyhydric  alcohols  their  acetie  esters  will 
always  be  mentioned,  for  by  their  saponification  a  clue  can  be  obtained  as  to  the 
number  of  hydroxyl  groups  present  in  the  alcohol. 

Esters  of  Propionic  Acid. — The  methyl  «/<r  boils  at  79.5®.  The  ethyl  ester 
boils  at  98.8°.  The  n-propyl  ester  boils  at  122° ;  the  isobutyl  ester  at  137*  ;  and  the 
isoamyl  ester  at  l6o° ;  the  latter  has  an  odor  like  that  of  pine-apples.     (See  A.  233, 

253-) 

Esters  of  n-Butyric  Acid. — Methyl  Ester  boils  at  102.3°,  and  has  an  odor  like 

that  of  rennet.     Tht  ethyl  ester  boils  at  120.9°,  has  a  pine -apple- like  odor,  and  is 

employed  in  the  manufacture  of  artificial  rum.     Its  alcoholic  solution  is  the  artificial 

pine- apple  oil. 

The  n-propyl  ester  boils  at  143°;  \h.t  isopropyl  ester  2X  12%^.  The  isobu/yl  ester 
boils  at  157°.  The  isoamyl  ester  boils  at  178°,  and  its  odor  resembles  that  of  pears. 
The  n-hexyl  ester^  boiling  at  205°,  and  n-octyl  ester^  boiling  at  244°,  are  found  in  the 
oil  obtained  from  various  species  of  Heracleum  (see  above)  and  the  octyl  ester  in 
Pastinaca  saliva  (A.  163,  I93 ;  166,  80;  233,  272). 

Methyl  Isobutyric  Ester  boils  at  92.3°.  Ethyl  Isobutyric  Ester ^  C^HyO, .  C^Hj, 
boils  at  110°.     Ti- Propyl  Ester  boils  at  135°  (A.  2x8,  334). 

Esters  of  the  Valeric  Acids. — n-  Valeric  Ethyl  Ester  boils  at  144°  (A.  233, 274). 

i-  Valeric  Ethyl  Ester  boils  at  135°.     i-  Valeric  Isoamyl  Ester  boils  at  194°. 

Methyl-ethyl  Acetic  Ethyl  Ester  boils  at  133.5°  (A.  195,  120).  Trimethyl  Acetic 
Ethyl  Ester  boils  at  II 8°  (A.  X73,  372). 

Esters  of  the  Hexoic  Acids. — vl-H. -ethyl  ester  boils  at  167°.  Isobutylacetic 
Ethyl  Ester  boils  at  l6i°. 

n-Heptoic  Ethyl  Ester  boils  at  187-188°.  n-Octoic  Ethyl  Ester  boils  at 
207-208°  (A.  233,  282).  n-Nonoic  Ethyl  Ester  boils  at  227-228°.  n-Caproic 
Ethyl  Ester  boils  with  decomposition,  at  275-290°  ;  it  is  the  principal  constituent 
of  the  fusel  oil  of  wine. 

Laurie  Ethyl  Ester  boils  at  269°.  Myristic  Ethyl  Ester  melts  at  10-11°, 
and  boils  at  295°. 

Spermaceti  and  the  Waxes. 

Some  of  the  esters  with  high  molecular  weights  occur  already 
formed  in  spermaceti  and  the  waxes.     This  fact  has  been  noted  in 
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connection  with  the  corresponding  alcohols  and  acids.  The  waxes 
are  distinguished  from  the  fats  in  that  they  consist  of  esters  of  mono- 
hydric  alcohols  with  high  molecular  weight,  whereas  the  fats  are  the 
esters  of  the  trihydric  alcohol,  glycerol.  Spermaceti  belongs  to  the 
wax  variety. 

Spermaceti  {Cetaceutny  Spertna  Celt)  occurs  in  the  oil  from  pecu- 
liar cavities  in  the  heads  of  whales  (particularly  Physeter  macro- 
cephalus\  and  upon  standing  and  cooling  it  separates  as  a  white  crys- 
talline mass,  which  can  be  purified  by  pressing  and  recrystallization 
from  alcohol.  It  consists  of  Cetyl  Palmitic  Ester,  CnHjiO,.- 
QfHa>  which  cr)'stallizes  from  hot  alcohol  in  waxy,  shining  needles 
or  leaflets,  and  melts  at  49^.  It  volatilizes  undecomposed  in  a 
vacuum.  Distilled  under  pressure,  it  yields  hexadecyUne  and  palmitic 
acid.  When  boiled  with  alcoholic  caustic  potash  it  becomes  palmitic 
acid  and  cetyl  alcohol. 

Ordinary  beeswax  is  a  mixture  of  cerotic  acid,  0,^ H^O,,  with  Myricyl  Palmitic 
Ester,  C,^ H,,0, .  C„|Hg|.  Boiling  alcohol  extracts  the  cerotic  acid  and  the  ester 
myricin  remains  (A.  224,  225). 

Consult  A.  235,  106,  for  other  constituents  of  beeswax. 

Camailba  wax,  from  the  leaves  of  the  camuba  tree,  melts  at  83°.  It  contains  free 
ceryl  alcohol  and  various  acid  esters  (A.  223,  283). 

Chinese  wax  is  Ceryl  Cerotic  Bster,  C^H^O, .  C^tHj^.  Alcoholic  potash  de- 
composes it  into  cerotic  acid  and  ceryl  alcohol. 


9.  ACID  HALOIDS,  OR  HALOID  ANHYDRIDES  OP  THE  PATTY  ACIDS. 

The  haloid  anhydrides  of  the  acids  (or  acid  haloids)  are  those 
derivatives  which  arise  in  the  replacement  of  the  hydroxyl  of  acids  by 
halogens ;  they  are  the  halogen  compounds  of  the  acid  radicals.  They 
have  been  termed  haloid  anhydrides,  because  they  can  be  viewed 
as  mixed  anhydrides  (p.  259)  of  the  fatty  acids  and  the  haloid  acids, 
corresponding  to  the  method  of  formation  (i)  of  the  acid  chlorides. 

Acid  Chlorides. — (i)  From  fatty  acids  and  hydrochloric  acid,  by 
means  of  P,Oft : 

PsOs 
CH, .  COOH  +  Ha >■  CH, .  COCl  -f  H,0. 

(2)  By  the  action  of  hydrochloric  acid  gas  upon  a  mixture  of  an 
acid  nitrile  and  a  carboxylic  acid  or  an  anhydride  at  o^.  The  hydro- 
chloride of  the  acid  amide  is  produced  at  the  same  time  (B.  29, 
R.  87) : 

CH,CN  +  CH, .  COOH  -f  iHQ  =  CH, :  CONH, .  HCl  -f  CH, .  COQ. 

(3)  By  the  action  of  chlorine  upon  aldehydes: 

CH, .  COH  -f  CI,  =  CH, .  COCl  -|-  HQ. 

(4)  A  fitr  more  important  method  of  formation  consists  in  letting 

22 
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the  phosphorus  haloids  act  upon  the  acids  or  their  salts — just  as  the 
alkylogens  are  produced  from  the  alcohols  (p.  139) : 


Should  there  be  an  excess  of  the  salt,  the  acid  will  also  act  upon  it  and  add 
anhydrides  result  (p.  259).     The  action,  particularly  upon  the  salts,  is  very  ▼lolent. 

(5)  Carbon  oxychloride  and  thionyl  chloride  (see  malonyl  chloride)  act  apoQ  the 
free  acids  and  their  salts  the  same  as  the  chlorides  of  phosphorus.  Acid  chlorides 
and  anhydrides  are  produced.  This  method  has  met  with  technical  application  (B. 
17,  1285  »  *»»  '267)  : 

C,H,0 .  OH  +  COCl,  =  CjHjOCl  -f  CO,  +  HQ. 

(6)  Acid  chlorides  are  also  produced  by  the  interaction  of  phosgene  and  zinc 
alky  Is  (p.  240). 

//ts/orica/.—lAehig  and  WShler  obtained  the  first  acid  choride  in  1 832,  when 
they  treated  benzaldehyde,  C^FLCOH,  with  chlorine.  It  was  benzoyl  chloride.  CgHj- 
COCI,  the  chloride  of  the  simplest  aromatic  acid — benzoic  acid.  In  1846,  Cahonn 
discovered  the  method  of  producing  aromatic  acid  chlorides  by  the  action  of  phos- 
phorus pentachloride  upon  monocarl)Oxylic  acids.  Acetyl  chloride  was  first  prepared 
in  185 1  by  Gerhardt  (A.  87,  63)  by  treating  sodium  acetate  with  phosphorus  oxy- 
chloride. 

Acid  Bromides. — (i)  The  phosphorus  bromides  act  like  the  corresponding 
chlorides  upon  the  fatty  acids  or  their  salts.  A  mixture  of  amorphous  phosphorus 
and  bromine  may  be  employed  as  a  substitute  for  the  prepared  bromide. 

(2)  An  interesting  method  for  preparing  the  acid  bromides  consists  in  letting  air 
act  upon  certain  bromide  derivatives  of  the  alkylens,  whereby  oxygen  will  be 
absorbed.  An  intramolecular  atomic  rearrangement  (p.  52)  takes  pUce  (B.  13, 
1980;  21,  3356): 

O 
Unsym.  Dibromethylene,  CH,  r=  CBr, >-  CH,Br .  COBr,  Bromacetyl  Bromide. 

O 
Tribromethylene,        CHBr  =  CBr, >  CHBr, .  COBr,  Dibromacetyl  Bromide. 

Acid  Iodides. — Phosphorus  iodide  does  not  convert  the  acids  into  iodides  of  the 
acid  radicals ;  this  only  occurs  when  the  acid  anhydrides  are  employed.  They  are 
also  produced  by  the  interaction  of  acid  chlorides  and  calcium  iodide. 

Acid  Fluorides. — Acetyl  Fluoride  is  a  gas  with  an  odor  resembling  that  of  phos- 
gene. It  is  formed  in  the  action  of  AgF  or  AsF,  upon  acetyl  chloride.  A  better 
procedure  consists  in  allowing  acid  chlorides  to  act  upon  anhydrous  zinc  fluoride. 

Propionyl  Fluoride,  CH, .  CH, .  COF,  boils  at  44®. 

Properties  and  Transpositions. — The  acid  haloids  are  sharp-smelling 
liquids,  which  fume  in  the  air.  They  are  heavier  than  water,  sink  in 
it,  and  at  ordinary  temperatures  (i)  decompose,  forming  acids  and 
halogen  hydrides.  The  more  readily  soluble  the  resulting  acid  is  in 
water,  the  more  energetic  will  the  reaction  be. 

The  acid  chlorides  act  similarly  upon  many  other  bodies.  (2)  They 
yield  compound  ethers,  or  esters,  with  the  alcohols  or  alcoholates  (p. 
253).  (3)  With  salts  or  acids  they  yield  acid  anhydrides  (p.  259), 
and  (4)  with  ammonia,  the  amides  of  the  acids,  etc. 

(5)  Sodium  amalgam,  or  better,  sodium  and  oxalic  acid  (B.  2,  98), 
will  convert  the  acid  chlorides  into  aldehydes  and  alcohols  (pp.  190 
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and  X13).  (6)  They  yield  ketones  and  tertiary  alcohols  when  treated 
with  the  zinc  alkyls  (pp.  209  and  113).  (7)  By  the  action  of  silver 
cyanide  they  pass  into  the  acid  cyanides,  which  are  described  as  the 
nitriles  of  the  a-ketone  carboxylic  acids.  (8)  Di-  and  poly- carboxy lie 
acids,  having  the  power  of  forming  anhydrides,  pass  when  treated 
with  acid  chlorides  (especially  acetyl  chloride)  into  their  anhydrides. 

Acetyl  Chloride  [Ethanoyl  Chloride],  CH,.  CO.  CI,  boils  at  55^. 
It  is  formed  according  to  the  general  methods  applied  in  the  production 
of  acid  chlorides,  and  by  carefully  distilling  a  mixture  of  acetic  acid 
(3  parts)  and  PClg  (2  parts).  Or,  heat  POClg  (2  molecules)  with  acetic 
acid  (3  molecules),  as  long  as  HCl  escapes,  then  distil  (A.  175,  378). 
The  acetyl  chloride  is  purified  by  again  distilling  over  a  little  dry 
sodium  acetate.  It  is  a  colorless,  pungent- smelling  liquid  which  has  a 
specific  gravity  of  1.130  at  o®.  Water  decomposes  it  very  energetic- 
ally.    For  its  transformations,  consult  the  preceding  paragraphs. 

Acetyl  chloride  forms  chlorinated  acetic  acids  with  chlorine.  Com- 
pare acetyl  acetone. 

Acetyl  Bromide  boils  at  81^. 

Acetyl  Iodide  boils  at  108^. 

Propionyl  Chloride,  CH,.  CH,.CO.  Q,  boils  at  80*^;  the  bromide,  at  I04<>, 
and  the  iodide  at  127^ 

Butyryl  Chloride,  C^HfO .  CI,  boils  at  loi^.  Aluminium  chloride  changes  it  to 
triethylphloroglucin  (B.  27,  R.  507)-  '^^  n-bromide  hoWs  at  128^;  the  n-iodide  at 
146-148^.  Sodium  amalgam  converts  it  into  normal  butyl  alcohol.  Isobutyryl 
Chloride,  (CH,), .  CH .  CO  .  Q,  boils  at  92*' ;  the  bromide  at  1 16-1 18°. 

IsoTaleryl  Chloride,  C^H^O.Cl,  boils  at  113.5-114.5^;  the  bromide  at  143^, 
and  the  iodide  at  168^ 

THmethyi  AceHc  Chloride,  (CH,),C .  COQ,  boils  at  i05-lo6*>.  n-  Cafrovl  Chloride, 
CHj(CH,)4COCl,  boils  at  151-153^  Diethyltuetyl  ChloHde,  (C,HACHC0C1,  boils 
•t  134-137®.     Dimethyl-ethyl  acetic  chloride,  (CH3)JC,Hj)C.  COCl,  boils  at  132®. 

Consult  B.  17,  1378;  19,  2982;  23,  2384,  for  the  chlorides  of  the  higher  fatty 
acids. 


3.  ACID  ANHYDRIDES. 

The  acid  anhydrides  are  the  oxides  of  the  acid  radicals.  In  those 
of  the  monobasic  acids  two  acid  radicals  are  united  by  an  oxygen 
atom;  they  are  analogous  to  the  oxides  of  the  univalent  alcohol 
radicals — ^the  ethers. 

The  simple  anhydrides,  those  containing  two  similar  radicals,  can  as  a  general 
thing  be  distilled,  while  the  mixed  anhydrides,  with  two  dissimilar  radicals,  decom- 
pose  when  thus  treated,  into  two  simple  anhydrides : 

C,H,0>.  Q  _  CjHjO^Q   ,   CjH^O^^^ 

Hence  they  are  not  separated  from  the  product  of  the  reaction  by  distillation,  but  are 
dJaaoWed  oat  with  ether. 

Methods  of  Formation.— (i  a)  The  chlorides  of  the  acid  radi- 
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cals  are  allowed  to  act  on  anhydrous  salts — ^viz.,  the  alkali  salts  of  the 
acids: 

C,H,0. OK  +  C,H,0.a  =  ^S*^0  -h  KQ. 

(i^)  The  anhydrides  of  the  higher  fiuty  adds  can  be  prodoced  farther  by  the 
action  of  acetyl  chloride  on  the  latter  (B.  lo,  x88x). 

(2)  Phosphorus  ozychloride  (i  molecule)  acts  upon  the  dry  alkali 
salts  of  the  acids  (4  molecules).  The  acid  chloride  which  appears  in 
the  beginning  acts  immediately  upon  the  excess  of  salt : 

I  Phase:    aC,H,0 .  OK  +  FOCI,         =  2C,H,0 .  Q  +  PO,K  +  KQ 
II  Phase :      C|H,0 .  OK  +  C,H,0.  Q  =  (C;H,0),0  -|-  KCL 

(3)  Phosgene,  COO,,  acts  like  POCI3.  In  this  reaction  add  chlorides  are  also 
produced  ^p.  258). 

(4)  A  direct  conversion  of  the  add  chlorides  into  the  corresponding  anhydrides 
may  be  effected  by  permitting  the  fonner  to  act  upon  anhydrous  oxidic  acid  (A. 
m6,  14)  : 

2C,H,oa  -h  CjO^H,  =  (c;h,o),o  +  2Ha  +  co,  +  co. 

HistorUaL — Charles  Geihardt  (1851^  discovered  the  add  anhydrides.  The  im- 
portant bearing  of  this  discovery  upon  the  type  theory  has  already  been  alluded  to  in 
the  introduction. 

Properties  and  Deportment, — ^The  acid  anhydrides  are  liquids  or 
solids  of  neutral  reaction,  and  are  soluble  in  ether.  Their  boiling 
points  are  higher  than  those  of  the  corresponding  acids,  (i)  Water 
decomposes  them  into  their  constituent  acids : 

(C,H,0),0  +  H,0  =  2C,H,0 .  OH. 

(2)  With  alcohols  they  yield  the  esters: 

(C,H,0),0  +  CjHj .  OH  =  ^'q  f?>0  +  C,H,0 .  OH. 

(3)  Ammonia  and  primary  and  secondary  amines  convert  them 
into  amides  and  ammonium  salts : 

(CH,CO),0  +  2NH,  =  CH, .  CONH,  +  CH, .  COONH^. 

(4)  Heated  with  hydrochloric  acid,  hydrobromic  and  hydriodic 
acids,  they  decompose  into  an  acid  haloid  and  free  acid : 

(C,H,0),0  +  HQ  =  C,H,0 .  a  -f.  C,H,0 .  OH. 

(5)  Chlorine  splits  them  up  into  acid  chlorides  and  chlorinated 
acids : 

(c,H,o),o  +  a,  =  c,H,o .  a  +  a .  CH, .  cooh. 

1  amalgam  changes  the  anhydrides  to  aldehydes  and 

lols. 

des  and  acid  anhydrides  combine  to  esters. 
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Acetic  Anhydride  [Ethan-acid  Anhydride],  (C,H,0),0,  is  a 
mobile,  pungent-smelling  liquid  boiling  at  137^.  Its  specific  gravity 
equals  1.073  *^  o®. 

To  prepare  it,  distil  a  mixture  of  anhydrous  sodium  acetate  f3  parts)  with  phos- 
phorus oxychloride  (i  part) ;  or,  better,  employ  equal  quantities  of  the  salt  and 
acetyl  chloride. 

Propionic  Anhydride,  (C,H50),0,  boils  at  i6S^.  Butjrric  Anhydride  boils  at 
I9I-X93**. 

hobutyric  Anhydride  boils  at  181.5^.  n-Caproie  Anhydride  boils  with  decompo- 
sition at  241-243^.  (Enanthic  Anhydride  boils  at  258^  with  partial  decomposition. 
Pelargonie  Anhydride  melts  at  -f-5°  vnA  palmiHc  anhydride  at  64®. 


4.  ACID  PEROXIDES. 

The  peroxides  of  the  acid  radicals  are  produced  on  digesting  the  chlorides  or 
anhydrides  in  ethereal  solution  with  barium  peroxide  (Brodie,  Pogg.  Ann.,  xai,  382) 
or  by  the  action  of  ice-cold  chlorides  upon  hydrated  sodium  peroxide  (B.  ag,  1726) : 

2C,H,0 .  a  +  BaO,  =  (C,H,0),0,  +  Baa,. 

Acetyl  Peroxide  is  a  thick  liquid,  insoluble  in  water,  but  readily  dissolved 
by  alcohol  and  ether.  It  is  a  very  unstable,  strong,  oxidiring  agent,  separating 
iodine  from  potassium  iodide  solutions  and  decolorizing  a  solution  of  indigo.  Sun- 
light decomposes  it,  and  when  heated  it  explodes  violently.  With  barium  hydroxide 
it  jrields  barium  acetate  and  barium  peroxide. 


5.  THIO-ACIDS. 

By  the  replacement  of  oxygen  in  a  monocarboxylic  acid  by  salphnr  three  cases  are 
possible : 

1.  R^  CO.  SH    Thio-acids  [Thiolic  Acids! 

2.  R^.  CS  .OH    Thionic  Acids,  compare  Tniamides 

3.  R^  CS .  SH    Dithionic  Acids  [Thionthiolic  Acids]. 

Aliphatic  adds  of  the  first  kind  alone  are  known.  The  first  thio-acid — thiacetie 
acid^  CH,.  COSH, — was  obtained  by  Kekul6  (A.  90,  309)  when  phosphorus  penta- 
sulphide  acted  upon  acetic  acid.  It  is  advisable  to  mix  the  P^Sj  with  half  its  weight 
of  coarse  pieces  of  glass : 

5C,H,0 .  OH  -f  P,S,  =  5C,H,0 .  SH  -f  PjOj. 

The  thio-anhydrides  arise  in  the  same  manner  by  the  action  of  phosphorus  sulphide 
upon  the  add  anhydrides.  The  thio-acids  are  produced  by  the  action  of  acid  chlorides 
upon  potassium  sulphydrate.  The  disagreeably- smelling  thio-acids  correspond  to  the 
thio-alcohols  or  mercaptans  (p.  149),  their  sulphanhydrides  to  the  acid  anhydrides 
and  the  simple  sulphides,  and  their  disuiphides  to  the  peroxides  and  alkyl  disulphides : 

CH, .  CH^H  CH, .  COSH  CH, .  CO,H 

Ethyl  Mercaptan  Thiacetie  Acid  Acetic  Acid 

(CH, .  CH,),S  (CH, .  CO),S  (CH,CO),0 

Ethyl  Sulphide  Thiacetie  Anhydride  Acetic  Anhydride 

(CH. .  CH,),S,  (CH, .  C0),S,  (CH,  .  C0),0, 

Ethyl  Disalphide  Acetyl  Disulphide  Acetyl  Peroxide. 
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The  esiin  are  obtained  when  the  alkylogens  react  with  the  salts  of  the  thio-aculs, 
and  by  letting  the  acid  chlorides  act  npon  the  meicaptans  or  mercaptides. 

They  also  appear  in  the  decomposition  of  alkylic  isothio-acetanilides  with  dilute 
hydrochloric  acid : 

CHj.C^  * +H,0  =  CH,.CO.S.C,H4  +  NH,.C«H5. 

N.  C^Hj 
Btbyl-isotlilo-acetaiiilide  Thio-acetic  Ester  Aniliae. 

Concentrated  caustic  potash  decomposes  the  esters  into  fatty  acids  and  mercaptans. 

ThiAcetic  Acid  [^Ethaniol'tuid^y  CH,COSli,  is  a  colorless  liquid,  boiling  at 
93^.  Its  specific  gravity  at  10^  u  i*o74*  Its  odor  resemble  thoae  of  acetic  acid 
and  hydrogen  sulphide.  It  dissolves  with  difficulty  in  water,  but  readily  in  alcohol 
and  in  ether.  This  acid  has  been  recommended  as  a  very  convenient  substitute  for 
hydrogen  sulphide  in  analytical  operations  (B.  a8,  R.  616).  The  lead  salt^  (^^s~ 
O .  S),Pb,  crystallizes  in  minute  needles,  and  readily  decomposes  with  the  formation 
of  lead  sulphide.     The  ethyl  ester,  C,H,0 .  S .  C,H(,  boils  at  I  is^*. 

Acetyl  Sulphide,  (C,H,0),S,  is  a  heavy,  yellow  oil,  insoluble  in  water.  It  boils 
at  157®.  Water  gradually  decomposes  it  into  acetic  and  thiacetic  adds  (B.  24, 
3548,  4251). 

Acetyl  Disulphide,  (C|H,0)}5^,  is  formed  when  acetyl  chloride  acts  upon 
potassium  disulphide,  or  iodine  upon  the  salts  of  the  thio-acid. 
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These  correspond  to  the  amines  of  the  alcohol  radicals.  The  hydro- 
gen of  ammonia  can  be  replaced  by  acid  radicals,  forming  primary, 
secondary  and  tertiary  acid  amides  : 

CH, .  CO .  NH,  (CHj .  CO),N  H  (CH, .  CO),N 

Acetamide  (primary)  Diacetamide  (secondary)         TriaceUmide  (tertiary)- 

Recently  the  idea  has  been  expressed  that  the  constitution  of  the  primary  acid 

OH 
amides  might  be  represented  by  the  formula  R^.  C^        (compare  benzamide),  from 

which  the  imido-ethers  (p.  269)  are  derived. 

The  hydrogen  of  primary  and  secondary  amines,  like  that  of  am- 
monia, can  be  replaced  by  acid  residues,  giving  rise  to  mixed  amides. 

General  Methods  of  Formation, — (i)  The  dry  distillation  of  the 
ammonium  salts  of  the  acids  of  this  series.  A  more  abundant  yield 
is  obtained  by  merely  heating  the  ammonium  salts  to  about  230^ 
(B.  15,  979),  (Kiindig,  1858).  (This  method  was  first  applied  (1830) 
by  Dumas  to  ammonium  oxalate  with  the  projiuction  of  oxamide). 
This  procedure  is  adapted  to  the  preparation  of  volatile  amides : 

C,H,0 .  O .  NH^  =  C,H,0 .  NH,  +  H,0. 
Ammoniam  Acetate  Acetamide. 

A  mixture  of  the  sodium  salts  and  ammonium  chloride  may  be  substituted  for  the 
monium  salts.  Consult  B.  17,  848,  upon  the  velocity  and  limit  of  the  auide 
iuction. 

2)  The  action  of  ammonia,  primary  and  secondary  amines  upon 
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the  esters  (by  this  procedure  Liebig,  in  18349  obtained  oxamide  from 
oxalic  ester) : 

CH.CO .  O .  C,Hj  +  NH,  =  CHjCO .  NH,  +  C,Hj .  OH 

Acetamide 

CHjCO .  O .  QHj  +  CjHs .  NH,  =  C,H,a^NH   +  CjHj .  OH. 

C-Hj 
Ethyl  Acetamide. 

This  b  a  reaction  that  frequently  takes  place  in  the  cold  ;  it  is  best,  however,  to 
apply  heat  to  the  alcoholic  solution. 

It  is  one  of  the  so*called  reversible  reactions,  inasmuch  as  the  action  of  alcohols 
opoD  acid  amides  again  produces  esters  and  ammonia  (B.  aa,  24). 

(3)  By  ^hc  action  {a)  of  add  haloidSy  (Ji)  of  acid  anhydrides  upon 
ammonia,  primary  and  secondary  alkylamines.  (This  method  Liebig 
and  Wohler  first  used  in  1832  to  prepare  benzamide  from  benzoyl 
chloride.): 

(3tf)  CH, .  COa  +  2NH,  =  CH, .  CONH,  +  NH^Q 

Acetamide 

CH, .  COCl  -f  2NH,C,H5  =  CH, .  CONH .  C^Hj  -f-  N(C,H,)HC1 

Ethyl  Acetamide 

CH,.  COa  +  2NH(C,H5),  =  CH, .  CONlCjHj),  +  N(C,H,),H,a. 

Diethyl  Acetamide. 

This  method  is  especially  well  adapted  for  obtaining  the  amides  of 
the  higher  fatty  acids  (B.  15,  1728) : 

(3^)  (CH,.  C0),0  -f  2NH,  =  CH,.  CONH,  +  CH,.  CO.NH^ 

(CH, .  CO),0  -i-  2NH,C,H,  =  CH, .  CONHCjHj  +  CH, .  COjNHjCjHj. 

(4)  The  addition  of  one  molecule  of  water  to  the  nitriles  of  the 
acids: 

CH, .  CN  4-  H,0  (i8o*»)  =  CH, .  CO .  NH,. 
Acetonitrile  Acetamide. 

This  addition  of  water  frequently  occurs  in  the  cold  by  the  action  of  concentrated 
hydrochloric  acid,  or  by  mixing  the  nitrile  with  glacial  acetic  acid  and  concentrated 
sulphuric  add  (B.  xo,  1061).  Hydrogen  peroxide  in  alkaline  solution  also  converts 
the  nitriles,  with  liberation  of  oxygen,  into  amides  (B.  x8,  355).  For  the  action  of 
hydrochloric  add  upon  a  mixture  of  nitrile  and  fatty  acid  see  (2)  formation  of  acid 
chlorides. 

(5)  The  dbtillation  of  the  fatty  acids  with  potassium  sulphocyanide : 

2C,H,0 .  OH  +  CN .  SK  =  C,H,0 .  NH,  +  C,H,0 .  OK  +  COS. 

Simply  heating  the  mixture  is  more  practical  (B.  x6,  2291 ;  15,  978).  In  making 
acetamide  glacial  acetic  add  and  ammonium  sulphocyanide  are  heated  together  for 
several  days.     In  this  reaction  the  aromatic  acids  yield  nitriles. 

(6)  By  the  interaction  of  fatty  acids  and  carbylamines  (p.  236)  : 

2CH, .  COOH  +  C :  N .  CH,  =  H .  CONHCH.  +  (CH,CO),0. 

Methyl  Formamide. 

(7)  By  the  action  of  the  fatty  acids  upon  isocyanic  acid  esters  (see  these)  : 

CH, .  COOH  +  CON .  CjHj  =  CH, .  CONHC,H,  +  CO,. 
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5ie«mdary  and  tertiary  amides  are  obtained  (i)  by  heating  primary  acid  amides 
(B.  23,  2394),  the  alkyl  cyanides  or  nitriles  with  acids,  or  acid  anhydrides,  to  aoo®: 

CH,.  CONH,  +  (CH,CO),0  =  (CH,.  CO),NH  +  CH,.  COOH 

CHjCN  +  CH, .  COOH  =  (CH,CO),NH 

Diacetamide 

CH, .  CN  +  (CH,CO)j|0  =  (CH,CO),N. 

Triacetamlde. 

(2)  The  secondary  amides  can  also  be  prepared  by  heating  primary  amides  with 
dry  hydrogen  chloride : 

2C,H,0 .  NH,  +  HQ  =  (C,H,0),NH  +  NH^Q. 

Diacetamide. 

(3)  Mixed  amides  are  further  produced  by  the  action  of  esters  of  ordinary  isocyanic 
add  upon  acid  anhydrides : 

CO :  N .  C,H,  +  (C,H,0),0  =  §S»o>^-  ^"»  +  ^^^ 

Ethyl  DiaceUmide. 

Properties  and  Behavior, — ^The  amides  of  the  fatty  acids  are  usually 
solid,  crystalline  bodies,  soluble  in  both  alcohol  and  ether.  The 
lower  members  are  also  soluble  in  water,  and  can  be  distilled  without 
decomposition.  As  they  contain  the  basic  amido-group  they  are 
able  to  unite  directly  with  acids,  forming  salt-like  derivatives  (e,  g,^ 
QHjO .  NH, .  NO,H  and  (CH,CO  .  NH,), .  HCl),  but  these  are  not  very 
stable,  because  the  basic  character  of  the  amido-group  is  strongly 
neutralized  by  the  acid  radical.  Furthermore,  the  acid  radical  imparts 
to  the  NH,-group  the  power  of  exchanging  a  hydrogen  atom  with 
metals,  e,  g,^  mercury  or  sodium  (B.  23,  3037),  forming  metallic 
derivatives,  e.g.,  (CH, .  CO  .  NH), .  Hg — mercury  acetamide,  analo- 
gous to  the  isocyanates  (from  isocyanic  acid,  CO :  NH),  and  the  salts 
of  the  imides  of  dibasic  acids. 

The  union  of  the  amido-group  with  the  acid  radicals  (the  group 
CO)  is  very  feeble  in  comparison  with  its  union  with  the  alky  Is  in 
the  amines  (p.  159).  The  amides,  therefore,  readily  absorb  water 
and  pass  into  ammonium  salts,  or  acids  and  ammonia,  (i)  Heating 
with  water  effects  this,  although  it  is  more  easily  accomplished  by 
boiling  with  alkalies  or  acids.  This  is  a  reaction  which  is  not  infre- 
quently termed  saponification  (p.  239). 

CH, . CO . NH, -f.  H,0  =  CH,.CO.OH  +  NH,. 

Acid  amides,  saponifying  with  difficulty,  are  dissolved  in  sulphuric  add,  and  to 
this  cold  solution  sodium  nitrite  is  added  (B.  a8,  2783). 

(2)  Nitrous  acid  decomposes  the  primary  amides  similarly  to  the 
primary  amines  (p.  166) : 

C,H,0 .  NH,  +  NO,H  =  C,H,0 .  OH  +  N,  -f  H,0. 

(3)  Bromine  in  alkaline  solution  changes  the  primary  amides  to 
-omamides  (B.  15,  407  and  752)  : 

C,H,0  .  NH,  +  Br,  =  C,H,0 .  NHBr  +  HBr, 
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which  then  form  amines  (p.  163).  (4)  On  heating  with  phosphorus 
pentoxide,  or  with  the  chloride,  they  part  with  one  molecule  of  water 
and  become  nitriles  (cyanides  of  the  alcohol  radicals)  : 

CH, .  CO .  NH,  =  CH, .  CN  +  H,0. 

In  this  action  a  replacement  of  an  oxygen  atom  by  two  chlorine  atoms  takes  place ; 
the  resulting  chlorides,  like  CH, .  CCL.  NH„  then  lose,  apon  further  heating,  two 
molecules  of  CIH  with  the  formation  of  nitriles. 


Formamide,  H .  CONH,.    See  p.  227. 

Acetamide  [Ethanamide],  CH,CO.NH„  crystallizes  in  long 
needles,  melts  at  82-83®,  and  boils  at  222°  undecomposed.  It  dis- 
solves with  ease  in  water  and  alcohol.  In  explaining  the  methods  of 
producing  the  amides,  and  in  illustrating  their  deportment,  acetamide 
was  presented  as  the  example.  Dumas,  Leblanc,  and  Malaguti  first 
prepared  it  in  1847,  ^X  allowing  ammonia  to  act  upon  acetic  ester. 

Acetniethylamidey  CH, .  CONHCH,,  melts  at  28®  and  boils  at  206° ;  acetdimetkyl- 
amit/e,  CH, .  CO .  N(CHj)„  boils  at  165.5®;  acetethylamide  boils  at  205°;  acet- 
diethyiamide  boils  at  i85-l86<».  Methylene  diacetamide,  CH,(NHCOCH,)j„  melts 
at  i960  and  boils  at  288<»  (B.  25,  310).  Chloralacetamide,  CCl3CH(OH)NHCOCH„ 
melts  at  117®  (B.  xo,  168).  Acetamide  and  butylchloral  yield  two  isomeric  com- 
pounds melting  at  158°  and  170**  respectively  (B.  25,  1690). 

Diacetamide^  (C3H30),NH,  is  readily  soluble  in  water,  fuses  at  77°,  and  boils  at 
222  5-223.5**.     (Preparation,  p.  264.) 

Afethyldiacetamide,  (CH,CO),N .  CH,,  boils  at  192°.  Ethyldiacetamide  boils  at 
185-192®. 

Triacetamide^  (C|H,0),N,  melu  at  78-79®.     (Preparation,  p.  264.) 

AceUhloramide,  CH,CUNHC1,  melts  at  110°. 

Acetbromamide^  CH,CONHBr-|-  H^O,  forms  large  plates,  and  melts  in  an  anhy- 
drous condition  at  108°  (B.  23,  2395). 

Higher  homologous  primary  Acid  Amides  : 

Propionamide  melts  at  75®  and  boils  at  210®. 

n-Butyramide  fuses  at  115®  and  boils  at  216®.  Isobutyramide  fuses  at  128®  and 
boils  at  216-220®. 

n-Valeramide  fuses  at  114-116®. 

Trimethylacetamide  melts  at  153-154®  and  boils  at  212®;  n-Caproixamide 
melts  at  loo®  and  boils  at  225®;  Methyl-n-propylacetamide  melts  at  95®; 
Methyl-isopropylacetamide  melts  at  129®;  Isobutylacetamide  melts  at  120®; 
Dietbylacetamide  melts  at  105®  and  boils  at  230-235® ;  CEnantbamide  melts  at 
95®  and  boils  at  250-258®;  n-Caprylamide  melts  at  105-106®;  Pelargonamide 
melts  at  92-93®  ;  n-Caprinamide  melts  at  98®. 

L4iaramide  fuses  at  102®  and  boils  at  199-200®  (12.5  mm.) ;  Tridecylamide 
melts  at  98.5®  ;  Myriatamide,  at  102®,  and  boils  at  217®  (12  mm  ) ;  Palmitamide, 
at  106®,  and  boils  at  235-236®  (12  mm.);  Stearamide  melts  at  108.5-109®  and 
boils  at  250-251®  (12  mm.)  (B.  15,  977, 1725;  xg,  1433  ;  24.  2781 ;  a6,  2840). 


7.  ACID  HYDRAZIDES. 

Aeethydrazide,  CH,  .  CO  .  NH  .  NH,,  melts  at  62®.     Acelbenzalhydrazine ^  CH, 
CO .  NH  .  N :  CH  .  CgHj,  melts  at  134®  (B.  28,  R.  242). 

23 
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9l  the  fatty  acid  NITRILB8  OR  ALKYL  CYANIDB8. 

ItieM?  Are  compounds  in  which  one  carbon  atom,  combined  with  an 
<Alk>l  group  R'.C=y  a  residue  present  in  every  fatty  acid,  replaces  the 
ihree  hydrogen  atoms  of  ammonia,  €,  ^.  ,CH,C  =  N,  acetonitrile.  It  is 
true  that  in  the  nitrile  bases  (tertiary  amines  and  amides)  the  nitrogen 
atom  is  also  joined  with  three  valences  to  carbon,  but  three  alkyl 
residues  are  in  union  with  three  different  carbon  atoms. 

The  acid  nitriles  are  also  called  aU^l  cyanides,  because  they  can  be 
viewed  as  aikyl  ethers  oi  hydrogen  cyanide,  H  .  C  =  N. 

Being  intermediate  steps  in  the  synthesis  of  the  fatty  acids  from  the 
altohols,  these  nitriles  merit  especial  consideration. 

The  following  general  methods  answer  for  their  preparation  : 

(i)  NucieuS'Synthesis  from  the  alcohols  :  {a)  by  heating  the  alkyl- 
ogens  with  potassium  cyanide  in  alcoholic  solution  to  loo^ ;  {b)  by 
distillation  of  a  potassium  alkyl  sulphate  with  potassium  cyanide 
(hence  the  name  alkyl  cyanides^ : 

(itf)  CpHJ  +  CNK  =  C,Hj .  CN  +  KI 

(1* )  S04<^^»  +  CNK  =  QHj .  ON  -f  K^^. 

I»ocy«nides  (p.  235)  fonn  in  slight  amount  in  the  first  reaction.  For  their  re> 
mtival  khake  the  distillate  with  aqueoos  hydrochloric  acid  until  the  unpleasant  odor 
of  the  iMK-yanides  has  disappeared,  then  neutralize  with  soda  and  dry  the  nitriles 
with  calcium  chloride. 

(a)  By  healing  alkyl  isocyanides  or  alkyl  carbylamines  (p.  237) : 

CH, .  CH, .  NC ^- >-  CH,CH,CN. 

(3)  The  dry  distillation  of  ammonium  salts  of  the  acids  with  PaO^, 
or  some  other  dehydrating  agent : 

CH, .  CO .  O .  NH^  —  2H,0  =  CH, .  CN. 
Ammonium  Acetate  Acetonitrile. 

This  method  of  production  explains  why  these  cyanides  are  termed 
acid  nitriles.  The  corresponding  acid  amide  is  an  intermediate 
product. 

(4)  By  the  removal  of  water  from  the  amides  of  the  acids  when 
these  are  heated  with  P1O5,  PjSs — or  phosphoric  chloride  (see  amid- 
chlorides,  p.  268) : 

CH, .  CO .  NH,  +  PQb  =    CH, .  CN  4- POa, -h  2HCI 
sen, .  CO .  NH,  -f  PjSj  =  5CH, .  CN  +  PjO,    -h  5H,S. 

imary  amines,  containing  more  than  five  carbon  atoms,  are 
I,  by  caustic  potash  and  bromine,  into  nitriles : 

-CH.NH,  4-  2Br,  -f-  2KOH  =  C^H^CHjNBr,  -I-  2KBr  -f  2H,0 
Cf^HjjCHjNBr,  +  2KOH  =  C,H„CN  -f-  aKBr  -|-  2H,0. 
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As  the  primary  amines  can  be  obtained  from  acid  amides  containing 
a  carbon  atom  more,  these  reactions  will  serve  for  the  breaking- down 
of  the  fatty  acids  (p.  243). 

(6)  Nitriles  result  when  aldoximes  are  heated  with  acetic  anhydride  or  with 
thionyl  chloride  (B.  a8,  R.  227) : 

CH.CH  =  N.  OH  -h  (CHfiO) fi  =  CH,C=N  -|-  2CH, .  COOH. 

(7)  On  the  application  of  heat  to  cyanacetic  add  and  alkylized  cyanacetic  acid 
niiriles  result : 

CN .  CH, .  CO,H  =  CN .  CH,  +  CO,. 

The  nitriles  occur  already  formed  in  bone-oils. 

llistorual, — Pelouze  (1834^  discovered  propionitrile  on  distilling  barium  ethyl 
sulphate  with  potassium  cyanide  (A.  xo,  249).  Dumas  (1847)  obtained  acetonitrile 
by  distilling  ammonium  acetate  alone,  or  with  P^Oj ;  the  same  occurred  with  the 
latter  reagent  and  acetamide  (p.  265).  Dumas,  Malaguti  and  Leblanc  (A.  64,  334) 
on  the  one  hand,  and  Frankland  and  Kolbe  (A.  65,  269,  288,  299)  on  the  other, 
demonstrated  (1847)  ^^  conversion  of  the  nitriles  into  their  corresponding  acids  by 
means  of  caustic  potash  or  dilute  acids,  and  thus  showed  what  importance  the  acid 
nitriles  possessed  for  synthetic  organic  chemistry. 


Properties  and  Behavior. — ^The  nitriles  are  liquids,  usually  insoluble 
in  water,  possessing  an  ethereal  odor,  and  distilling  without  decompo- 
sition. 

Their  reactions  are  based  upon  the  easy  disturbance  of  the  triple 
union  between  nitrogen  and  carbon.  They  are  mostly  additive  reac- 
tions. Acid  nitriles  may  be  viewed  as  unsaturated  compounds^  in  the 
same  sense  as  aldehydes  and  ketones  (pp.  38,  187).  Their  neutral  char- 
acter distinguishes  them  from  prussic  acid,  the  nitrile  of  formic  acid. 
In  respect  to  this  transposition  of  their  C=N-group  they  resemble  the 
nitrile  of  formic  acid. 

(1)  Nascent  hydrogen  converts  them  into  primary  amines  (Mendius).  This  reduc- 
tion is  most  easily  accomplished  by  means  of  metallic  sodium  and  absolute  alcohol 
(B.  aa,  812). 

(2)  The  nitriles  can  unite  with  the  halogen  hydrides,  forming  amide  and  imide 
haloids. 

(3)  Under  the  influence  of  concentrated  sulphuric  acid  they  take 
up  water  and  become  acid  amides  (p.  262).  When  heated  to  100^ 
with  water  the  acid  amides  first  formed  absorb  a  second  molecule  of 
water  and  change  to  the  fatty  acid  and  ammonia.  The  nitriles  are 
more  readily  saponified  by  heating  them  with  alkalies  or  dilute  acids 
(hydrochloric  or  sulphuric  acid).  Esters  are  produced  when  the  acids, 
in  a  solution  of  absolute  alcohol,  act  upon  the  nitriles. 


1?! 


4)  The  nitriles  form  thiamides  with  H,S  (p.  269). 

They  combine  with  alcohols  and  tlCl  to  imido-ethers  (p.  269). 
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(6)  With  monobasic  acids  and  add  anhydrides  they  yield  secondary  and  teitiaiy 
amides  (p.  264). 

(7)  Ibe  nitrites  become  amidines  with  ammonia  and  the  amines  (p.  270). 

(8)  Hydroxylamine  unites  with  them  to  fonn  amidoximes  (p.  271).  Metallic 
sodium  induces  in  them  peculiar  polymerizations.  In  ethereal  solutioDy  dimolecniar 
nitriles  result :  imides  of  fi-ketonic  niiriUs.  All  these  reactions  depend  upon  the 
additive  power  of  the  nitriles,  the  triple  carbon -nitrogen  union  being  broken.  If, 
however,  so<lium  acts  upon  the  pure  nitriles  at  a  temperature  of  150^  the  products  are 
trimoUcuiar  nitriles,  so-called  cyanetkines  (see  these), /yrimidtne  derivatives: 

2CH,CN y  CH, .  C(NH) .  CH, .  CN 

Imldo-acetic  Nitiile 

N— C(CH,)=N 

3CH,CN >- 

•       •  CH, .  C— CH=C .  NHy 

Cyanethine  (see  this). 


Acetonitrile,  Methyl  Cyanide  [Ethan-nitrile],  CH,.  CN,  melts  at 
— 41°  C,  boils  at  81.6°,  has  a  specific  gravity  of  o.  789  (15°),  and  is  a 
liquid  with  an  agreeable  odor.  It  is  usually  prepared  by  distilling 
acetainide  with  PjOj.  Consult  the  general  description  of  acid  nitriles 
for  its  methods  of  formation,  its  history  and  its  transposition  reac- 
tions. It  may,  however,  be  mentioned  here  that  acetonitrile  can  be 
produced  from  prussic  acid  and  diazomethane  (B.  28,  857). 

Higher  Homologous  Nitriles. — Propionitrile,  Ethyl  Cyanide  [Propan- 
nitrile].  C'jMj.  CN,  lx)ils  at  98°.     Its  specific  gravity  equa's  0.801  (0°). 

n-Butyronitnle  boils  at  118.5^,  and  has  the  odor  of  bitter-almond  oil.  Iso- 
butyronitrile  l)oiIs  at  107®.  n- Valeronitrile  boils  at  140.4° ;  isopropylacetonitrile 
boils  at  129°;  metbyl-etbylacetonitrile  boils  at  125°;  triniethylacetonitnle  melts 
at  15-16°  and  boils  at  105-106°.  Isobutylacetonitrile  boils  at  154°;  diethyl- 
acetonitrile  boils  at  144-146° ;  dimetbyl-ethylacetonitrile  boils  at  128-130° ; 
n-oenanthylnitrile  boils  at  175-178°;  n-caprilonitrile  boils  at  198-200°;  pelar- 
gonitrile  boils  at  214-216°;  metbyl-n-hexylacetonitrile  boils  at  206°;  lauro- 
nitrile  ))oils  at  198°  (100  mm.);  tridecylonitrile  boils  at  27^°;  myristonitrile 
melts  at  19°  and  )x)ils  at  226.5°  ('^^  mm.) ;  palmitonitrile  melts  at  29°  and  boils 
at  251.5°  (100  mm.) ;  cetyl  cyanide  melts  at  53° ;  stearonitrile  melts  at  41°  and 
boils  at  274.5°  (100  mm.). 

Several  classes  of  compounds  bear  genetic  relations  to  the  acid  amides 
and  nitriles,  but  these  will  be  considered  after  the  nitriles. 


9.  AMID-CHLORIDES  and  xo.  IIIID-CHLORIDES  (Wallach,  A.  184,  x). 

The  amid -chlorides  are  the  first  unstable  products  arising  in  the  action  of  PG| 
upon  ncid  amides.  They  part  with  hydrochloric  acid  and  become  imid-ckiorides^ 
which  by  a  further  separation  of  hydrochloric  acid  yield  nitriles : 

/Nil,     pcu               /NH,    _HC1             ^NH    -HCl 
CYiJzC  >-CH,C^Cl     >-CH,Cr        ^CH,C=N 

Acetamide  (Acetamid-chloride)        (Acetimid-chloride)  Acetonitrile. 
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The  addition  of  HCl  to  the  nitriles  produces  tlie  imid-cUorides.  Hydrogen  bromide 
and  hydrogen  iodide  add  themseWes  more  readily  than  hydrogen  chloride  to  nitriles 
(B.  25,2541): 

.NH  >NH,  NH, 

•  ^Br  •   \Br  *  \l 

Acetimid-bromide  Acetamid-bromide  Acetamid-iodide. 

If  a  hydrogen  atom  of  the  amid-group  be  replaced  by  an  alcohol  radical,  the  imid- 
chlorides  will  be  more  stable.  On  heating,  however,  they  lose  hydrochloric  acid  in 
part  and  pass  into  chlorinated  bases. 

(i)  Water  changes  the  imid-chlorides  back  into  acid  amides.  The  chlorine  atom 
of  these  bodies  is  as  reactive  as  the  chlorine  atom  of  the  acid  chlorides.  (2)  Am- 
monia and  the  primary  and  secondary  amines  change  the  imid-chlorides  to  amidines 
(see  below).     (3)  Hydrogen  sulphide  converts  the  imid-chlorides  into  thiamides. 

zi.  IIIIDO-ETHBRS  •  (Pinner.  B.  x6,  353, 1654 ;  17,  184,  aooa). 

The  imido-ethers  may  be  regarded  as -the  esters  of  the  imido-acids,  R^.  C^qtt 

a  formula  which  has,  in  recent  times,  been  proposed  for  the  acid  amides  (p.  262  ); 
compare  also  the  thiamides. 

The  hydrochlorides  of  the  Imido-ethers  are  produced  by  the  action  of  HG  upon 
an  ethereal  mixture  of  a  nitrile  with  an  alcohol  (in  molecular  quantities) : 

/NH . HQ 

CH,.  CN  +  CjHj.  OH  +  HCl  =  CH,.  C^ 

\j  •  >^'  !&• 
Acetimido-ether. 

Formimido-ether  (p.  232),  Acetimido-ethyl  Ether,  when  liberated  from  its 
HCl-sall  by  means  of  NaOH,  is  a  peculiar-smelling  liquid.  Ammonia  and  the  amines 
convert  the  imido-ethers  into  amidims. 


IS.  THIAIIIDBS. 

As  in  tbe  case  of  the  acid  amides  (p.   262),  so  here  with  the  thiamides  two 
formulas  are  possible : 

.NH,  .NH,  .NH  >jNH 

R'.CC  R^C<  and  R'.C^  R^C^       . 

^  '^  X)H  ^SH 

The  thiamides  are  formed  (i)  by  letting  phosphorus  sulphide  act  upon  the  acid 
amides  (p.  262)  ;  (2)  by  the  addition  of  H,S  to  the  nitriies  : 

CH, .  CN  -f  H,S  =  CH, .  CS .  NH,. 
Acetonitrile  Thiacetamide. 

(i)  The  thiamides  are  readily  broken    up  into  fatty  acids,  SH,,    NH,  and 
amines. 

(2)  They  yield  thiatole  derivatives  with  chloracetic  ester,  chloracetone,  and 
similar  bodies. 

(3)  Ammonia  converts  them  into  amidines. 

(4)  The  action  of  hydroxylamine  results  in  the  production  of  oxamidines. 
Thiacetamide    melts  at    108^  (A.  zga,  46;    B.  11,340).      Thiopropionamide 

melts  at  42-43^  (A.  259,  229). 


*  The  Imido-ethers  and  their  Derivatives,  A.  Pinner,  1 892. 


•^•^Xvu    <^  *■••  "*5   *»^4«). 

«  anid  Md  imid-groiq^  wkae  hjdragai  atoms  wn 
.^  c  ^  *ut--^  ■»ybeoc»srfcfed  dtn^wtiwts  of  tbe  acid  amid^  in  which  ^ 
*  r^piaoed  by  the  imid-gnNip ; 


CIVCONH,  CH,C(NTI,NH^ 


•«   je  imid^hkiridcs   and    duamides,  by    the    action  of  ammoQia  oc 

•  -» tn  -ie  aitnl€$  by  heating  them  with  ammoniom  chloride. 
^ ,    *  ».m  'jx  amides  of  the  acids  when  Created  with  HO  (B.  15,  ao8): 

2CH,.  CO.NH,  =  CH,cf         +  CH,.  CO,H. 

^.   F-o«  the  imido^theiB  (p.  269)  when  acted  npon  with  ammonia  and  amines 
X   a,  IV47;  17.  «79)- 

*ie  jmKijnes  aie  mono-add  bases.  In  a  free  condition  they  are  quite  unstable. 
•Sc  M.*MM  oi  ▼arious  reagents  on  them  induces  water  absorpdoD,  the  imid-group 
^t2>.  .>tt.  .tad  adds  or  amides  of  the  acids  are  regenerated. 

w^v;:«oiuc  esters  convert  them  inio pyrimiditus,  e.g.,  acetamidine  hydrochloride 
^f^  «oe«>^acetic  ester  yield  dimetkyUtkoxyfyrimiditu,  melting  at  192*»  (compare 
j^^vm.  aceiooitrile,  p.  268) :  * 


NH        COCH, 


"^ 


^NH,       CH, .  CO .  OC,H,  ^  \n=C^: ^OC,H,  ^    ^ 

|^^)ff««niidine  (p.  232). 

As^^^tMudine  (Acediaminc),  Ethenylamidint,  QUjZi^  NH,)NfI.  Its  hydrochloric 
^.u  >*il  melts  at  163**.  The  acetamidine,  separated  by  alkalies,  reacts  strongly 
^.^^iuA  and  readily  breaks  up  into  NH,  and  acetic  add. 

^N.OH 
14.  H YDROXAIIIC  ACIDS,  R .  Cf^ 

rSc<i«  are  produced  when  free  hydroxylamine,  or  its  hydrochloride,  is  allowed  to 
^^  «i>vM»  acid  amides,  esters  and  acid  chlorides.  They  contain  the  isonitroso-group 
;^  »K  ^J»c«  of  the  carbonyl  oxygen  (B.  22,  2854)  : 

jN.OH 

Acet-hydrozamic  Acid. 

I  tw>  4to  c«  v&talline  compounds,  acid  in  character,  and  form  an  insoluble  copper  salt 
.a  lUMUAval  copjier  solutions.     Ferric  chloride  imparts  a  cherry-red  color  to  both 
*    .  *,  ul  \\\<\  neutral  solutions. 

w...^^^,„ic  Acid,  CH, .  C(N .  OH) .  OH,  with  >iH,0,  melts  at  59<».     It 
nly  in  water  and  alcohol,  but  not  in  ether. 

NITROLIC  ACIDS,  R .  C^  (p.  157). 

^NO, 

Are  genetically  related  to  the  mononitro-paraffins,  they  have  already 
lediately  after  them. 


^N.OH 
CH, .  CO .  NH,  +  NH, .  OH  =  CH, .  C^  +  NH,. 
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^N .  on 
i«.  AIIIDOXIIIB8  or  OXAIIIDINES,  R .  C^ 

These  compounds  may  be  regarded  as  amidines,  in  which  an  H  atom  of  the 
amid-  or  imid-group  has  been  replaced >bj  hydroxyl.  They  are  formed:  by  the 
action  of  hydroxylamine  on  the  amidines  (p.  270);  by  the  addition  of  hydroxylamine 
to  the  nitriles  (B.  17,  2746)  : 

NH, 
CH,.CN  +  NH,.  OH  =  CH,.  CC  , 

^N.OH 
Acctonitrile  Ethenylamidoxime. 

and  by  the  action  of  hydroxylamine  upon  thiamides  (B.  19, 1668) : 

NH, 
CH,.  OS.  NH,  +  NH,OH  =  CH,.  C<  +  H,S. 

^N.OH. 

The  amidoximes  are  crystalline,  very  unstable  compounds,  which  readily  break 
down  into  hydroxylamine,  and  the  acid  amides  or  acids. 

Methenyl-amidozime,  Formamidoxime  or  Isuretine  (p.  233). 

Bthenyl-amidozime,  CH, .  C^  ,  melts  at  135^.    Hexenyl-amidoxime 

^NH, 
melts  at  48°.     Heptenyl-amidoxinie  melts  at  48-49**  (B.  25,  R.  637).     Laurin- 
amidoxinie  melts  at  92-92.5^.     Myristin-amidoxime  melts  at  97^.     Palniitin- 
amidoxime  melts  at  101.5-X02®.     Stearin-amidoxime  melts  at  106-106.5°  (B. 
a6.  2844). 

When  the  aromatic  derivatives  are  discussed  we  shall  again  meet  with  bodies  be- 
longing to  the  classes  which  have  just  been  considered,  viz.,  the  imid-thlorides, 
imidoethtrs^  thiamides^  amidines^  hydroxamic  acids  and  amidoximes*  The 
aromatic  primary  amines,  e.g-t  aniline  and  ioiuidine^  are  not  only  prepared  techni- 
cally on  a  large  scale,  but  they  are  more  readily  accessible  than  the  primary,  aliphatic 
bases,  and  are  more  easily  handled  because  of  their  slighter  volatility.  Beginning 
with  them,  phenylated,  etc. ,  derivatives  of  the  aliphatic  imid-chlorides  have  been 
prepared.  On  the  other  hand,  benzoic  acid  and  its  homologues  are  excellent  material 
for  the  study  of  the  carboxyl  derivatives  of  a  monocarboxylic  acid.  This  acid  im- 
parts the  power  of  crystallization  to  many  of  its  compounds,  and  that,  again,  renders 
easy  the  work  with  them.  Hence,  the  corresponding  aromatic  derivatives  supple- 
ment the  aliphatic  imid^hlorides,  etc. 


HALOGEN  SUBSTITUTION  PRODUCTS  OP  THE  PATTY  ACIDS. 

The  reactions  leading  to  the  substituted  fatty  acids  are  partly  the 
same  as  those  employed  in  the  formation  of  the  halogen  substitution 
products  of  the  paraffins. 

(l^  Direct  substitution  of  the  hydrogen  of  the  hydrocarbon  residue,  joined  to  car- 
boxyl, by  halogens. 

(a )  Chlorine  in  sunlight,  or  with  the  addition  of  water  and  iodine,  or  sulphur  (B. 
^5t  R*  797)»  or  phosphorus  (B.  24,  2209). 
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(d)  Bromine  in  sunlight,  or  with  the  addition  of  water  in  a  closed  tube  at  a 
more  eleyated  temperature,  or  with  the  addition  of  sulphur  (B.  25,  331 1),  or  pbos> 
phorus  (B.  24,  2209). 

(c)  Iodine  with  iodic  acid,  or  brom-fatty  acids  with  potassium  iodide. 

rhe  acid  ckiorides,  bromides^  or  acid  anhydrides  are  more  readily  substituted  than 
the  free  acids.  When  chlorine  or  bromine,  in  the  presence  of  phosphorus,  acts 
upon  the  fatty  acids  (method  of  Hell-Volhard),  acid  chlorides  and  bromides  result; 
these  then  are  subjected  to  substitution.  The  final  products  are  halogen-acid  chlo- 
rides or  halogen-acid  bromides : 

3CH, .  CO,H  +  P  +  1 1  Br  =  3CH,Br .  COBr  +  HPO,  +  sHBr. 

However,  substitution  only  takes  place  in  a  mono-alkyi  or  dialkyl-acetic  acid  at 
the  a-carbon  atom.  Hence,  trimethylacetic  acid  cannot  be  chlorinated  or  bromioatcd. 
Consequently  the  deportment  of  a  fatty  acid  towards  chlorine  or  bromine  and  phos- 
phorus indicates  whether  or  not  a  trialkyl -acetic  acid  is  present  (B.  24,  2209). 

(2)  Addition  of  Haloid  Acids  to  Unsaturated  Monocarboxylic  Acids. — The  halogen 
enters  at  a  point  as  far  as  possible  from  the  carboxyl  group,  e.g, : 


HCl^ 
CH, :  CH  .  CO,H  \  JilL^  CH'Br .  CH",  .  COiH        /3-Brom-  j-  propionic  acid. 


>  CH,a  .  CH, .  CO,H       /3-Chlor- ) 

,      ,  -^  CHjBr.  CH, .  CO,H        /3-Brom-  \ 

Acrylic  Acid        (     HI  ^   CH,I .  CH, .  CO,H  /J-Iodo-  ) 


),HfjilL>. 
i         I      HI    ^ 


(3)  Addition  of  Halogens  to  UnscUvrated  Monocarboxylic  Acids. — Whenever  possible 
the  chlorine  is  allowed  to  act  in  a  CCI4  solution.  Bromine  often  adds  itself  without 
the  help  of  a  solvent,  and  also  in  the  presence  of  water,  CS,,  glacial  acetic  acid  and 
chloroform. 

(4)  Action  of  the  haloid  acids  (a)  upon  oxy monocarboxylic  acids : 

"'^  AddT"*"    CH,(OH)CH,CO,H  —,->-  CH,a  .  CH, .  CO,H      ^^hlo^propiomc 

HBr 
Lactic  Acid :     CH,CH(OH)CO,H >  CH,CHBrCO,H       a-Brompropionic  Acid 

Glyceric  Acid :  CH,(OH)CH(OH)CO,H  ^^  CH,I .  CH,  .  CO,H    ^^^^JP^JP*^* 

(4^)  Upon  lactones,  cyclic  anhydrides  of  y-  or  d-oxyacids : 

PIT     pw  f ^    CHjBr .  CHj .  CH,  .  CO,H 

«^tl,  .l^n,  I  Y-Brombutyric  Acid 

Ch,  .  CO  -^      I Ml ^    CH,I .  CH, .  CH, .  CO,H 

Y-Iodobutyric  Acid. 

(5)  Action  of  the  phosphorus  haloids,  particularly  PCI5,  upon 
oxymonocarboxylic  acids.  The  product  is  the  chloride  of  a  chlorin- 
ated acid,  which  water  transforms  into  the  acid : 

CH, .  CHOH  .  COOH  +  2VCi^  =  CH, .  CHCl .  COG  -|-  2POa,  -|-  2HCI. 
Lactic  Acid  a-Chlorpropionyl  Chloride. 

Furthermore,  halogen  fatty  acids  are  obtained  like  the  parent  acids 
(6)  by  the  oxidation  of  chlorinated  alcohols  or  aldehydes  (p.  197)  with 
nitric  acid,  chromic  acid,  potassium  permanganate  or  potassium 
"hlorate  (B.  18,  3336): 

^kWorhy-  cH,a .  CHQ .  CH,OH  -^— >  CH,C1.  CHC1.C0,H    prSjioilk  Acid 
>ral :  CQ,  .  CHO  >-  CCl, .  COOH  '^"^^Add!'^*^'' 
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(7)  By  the  action  of  halc^en  hydrides  apon  diazo-fatty  acid  esters  (see  glyoxylic 
add) : 

CHN, .  CO, .  CjHs  -f  HCl  =  CHjCl .  COjCjH^  -f  N,. 

(8)  When  the  halogens  act  upon  diazo-fatty  acid  esters : 

CHN,CO,C,H,  +  I,  =  CHIjCOjCjHj  +  N,. 

Isomerism  and  Nomenclature. — Structurally,  isomeric  halogen  sub- 
stitution products  of  the  fatty  acids  are  first  possible  with  propionic 
acid.  To  indicate  the  position  of  the  halogen  atoms,  the  carbon 
atom  to  which  the  carboxyl  group  is  attached  is  marked  a,  while  the 
other  carbon  atoms  are  successively  called  /9,  jy  d,  e,  etc.  The  two 
monochlorpropionic  acids  are  distinguished  as  a-  and  /9-chlorpropi- 
onic  acids,  while  the  three  isomeric  dichlorpropionic  acids  are  the 
aa-y  PP'  and  a/9  dichlorpropionic  acid,  etc. 

Deportment — ^The  introduction  of  substituting  halogen  atoms  in- 
creases the  acid  character  of  the  fatty  acids.  The  halogen  fatty  acids, 
like  the  parent  acids,  yield,  by  analogous  treatment,  esters,  chlorides^ 
anhydrides,  amides,  nitrites,  etc. 

Transpositions, — (i)  Nascent  hydrogen  causes  the  halogen  substitu- 
tion products  of  the  fatty  acids  to  revert  to  the  parent  acids — retro- 
gressive substitution. 

The  transpositions  of  the  monohaloid  fatty  acids,  which  bear  the 
same  relation  to  the  alcohol  acids  or  oxycuids  as  the  alkylogens  sustain 
to  the  alcohols,  are  especially  important.  In  both  classes  the  halogen 
atoms  enter  the  reaction  under  similar  conditions. 

(2)  Boiling  water,  caustic  alkali,  or  an  alkaline  carbonate  solution 
generally  brings  about  an  exchange  of  hydroxyl  for  the  halogen  atom. 

However,  in  monohalogen  products,  the  position  of  the  halogen  atom,  with  refer- 
ence to  carboxyl,  will  materially  affect  the  course  of  the  reaction :  a-halogen  acids 
yield  a-oxyacids,  /3-haloid  acids  split  off  the  haloid  acid  and  become  unsaturated 
acids ;  /-halogen  acids,  on  the  contrary,  yield  7-oxyacids,  which  readily  yield  lactones 
(B.  ai9,  322) : 

CH,a.COOH  — y*^^— >CH,(OH)CO,H 

CHjCl .  CH, .  COOH  — 5!?9 ^  CH,  =»  CH .  CO,H 

CH,a.  CH,.  CH,.  COOH  — ^^^ >■  CH,d.  CH,  .  CHjio. 

(3)  Ammonia  converts  the  halogen  fatty  acids  into  amido-acids. 

Nucleus- synthetic  Reactions, — (4)  Potassium  cyanide  produces  cyan- 
fatty  SLCids^half-nitrile  fatty-acids,  which  hydrochloric  acid  changes 
to  dibasic  acids.     They  will  be  considered  after  the  latter : 

CH,a.co.H  _!^!E!1_3.  ch.<co.h  '"«o"ci^  cH.<cg.p 

Chloracctic  Acid  Cyanacetic  Acid  Malonic  Acid. 

77ie  monohalogen  acids  furnish  a  means  of  building  up  the  dicarbonic 
acids  from  the  monocarboxylic  acids. 
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^5  r*i\\tr^fiLXjr/u-  acids  hftve  been  obtained  from  monohalogen  cftrboxylic  mcids 
bv  ne«Bs  of  metmls  (Ag) : 

,CH,ICH.CO.H  +  «Ag  =  ^i;;  •  ^5  •  g.;;  +  .Agl. 

Adipic  Actd. 

(6^  and  (7)  The  esteis  of  the  mono>haloid  fatty  acids  have  been  applied  in  the 
circle  of  the  aceto-acetic  ester  and  malonic  ester  syntheses,  and  as  results  we  have 
,3-ketQoe>dicarboxylic  acids,  /3-ketone-tricarboxyIic  acids,  and  tricarboxylic  and  tetm- 
caibozylic  acids. 

SubetitQtlon  Products  of  Acetic  Acid. 

CkUrme  SmhsHtutian  Products, — The  relations  of  the  three  chloracetic  acids  to 
the  oxygen  derivatiYes,  whose  anhydrides  they  may  be  considered,  are  evident  in  the 
following  tsbalation  (compare  pp.  125,  199) : 

MonochloraceticAcid,CH,a.  CO,H,coTTespondstoGlycollic  Acid,  CH,OH.  CO,H 
1  >Khlor«cetic  Acid,      CHCl, .  CO.H,  corresponds  to  Glyoxylic  Add,  CHO .  CO, H 
Trichloracetic  Acid,    CCl, .  CO,H,   corresponds  to  Oxalic  Acid,      CO,H  .  CO,H. 

Monochlorscetic  Acid,  CH,C1 .  CO,H,  melts  at  62<>  and  boils  at  185-1870. 
Af^  fusion  it  solidifies  to  an  unstable  modification,  melting  at  52°.  This  slowly 
reverts  spontaneously  to  the  ordinary  acid  (B.  a6,  R.  3*81).  Its  sodium  and  silver 
salts*  on  tlie  application  of  heat,  yield  polyglycoUdt, 

When  monocbloracetic  acid  b  heated  with  alkalies  or  water,  the  chlorine  is 
iri^aced  by  the  hydroxyl  group,  and  we  get  oxyacetic  acid  or  glycollic  acid 
iC,II,iOH)0,).  Amido-acetic  acid,  CH,(NH,) .  CO,H,  or  glycocoll,  results  whea 
llie  nonochloracid  is  digested  with  ammonia. 

The  H^yI  ester  boils  at  I43-5"- 

llie  ihhride  boils  at  106° ;  the  bromide^  at  127^ ;  the  anhydride  melts  at  46^  and 
boil«  St  1 10^  (II  mm.)  (B.  ay,  2949);  the  amide  melts  at  116°  and  boils  at  224- 
tl^*;  the  i»i/n/f  boils  at  124®. 

Dtchlorscetic  Acid,  CHCl, .  CO,H,  is  produced  when  chloral  is  heated  with 
CNK  or  potassium  ferrocyanide  and  some  water.  If  alcohol  replace  the  water, 
tlK^ilorscetic  esters  are  formed.  The  pnissic  acid  in  the  presence  of  chloral  effects  a 
j|f(^)nposition  of  water  into  its  components  (B.  10,  2124): 

CO, .  CHO  +  H,0  -I-  CNK  =  CHCl, .  CO,H  -f  KQ  +  CNH. 

It  K>il$  ^  ^"^^   190^-191^.     When  its  silver  salt  is  boiled  with  a  little  water, 
^\vvv».V.  acid  (see  this)  is  produced. 
*     VA-*r/  titer  boils  at  I42°-I44*». 

tlie  ttkyl  ester  boils  at  158®.  The  anhydride  boils  at  214^-216®,  without  decom- 
^^..^^, ;  the  amide  melts  at  98®  and  boils  at  234®  ;  the  nitrite  boils  at  113°. 
^  Ttichlormcetic  Acid,  CCIg.  CO^H,  the  officinal  Acidum  trichloraceticum^ye^s 
^^  i^iM^aied  by  Dumas  (1839)  when  he  allowed  chlorine  to  act  in  the  sunlight  upon 
^""^-ITIcHi  (A.  3*»  loi).  Without  essentially  changing  the  chemical  character,  three 
v!]^^««i  nloms  of  the  acetic  acid  were  replaced  by  chlorine — a  fact  upon  which 
^CwSTlh^n  erected  the  type  theory  (p.  35).  Kolbe  (1845)  made  the  acid  by  the 
*v^Aiiii»>»  of  chloral  with  concentrated  nitric  acid  (A.  54, 183),  and  demonstrated  how 
^"^^jSa  I*^  prepsred  stynthetically  from  its  elements : 

Clj  Heat  CO,  CU,  2H,0      COOH 

^CCL >  n ^\ 

*  CCl,    Sunlight       Co, 

fli^  disulphide  resulting  from  carbon  and  sulphur  is  converted  by  the 

^M  carbon  tetrachloride,  which  on  the  application  of  heat  becomes  per- 

^  CClt  =  CClj  (p.  105),  and  it,  in  turn,  by  the  action  of  chlorine  and 

^j%y  sunlight,  yields  trichloracetic  acid.     This  was  the  first  synthesis  of 
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acetic  acid,  for  Melsens  had  previoosly  shown  that  potassium  amalgam  in  aqueous 
solution  reduced  trichloracetic  acid  to  acetic  acid  (p.  244). 

When  digested  with  ammonia  or  alkalies,  the  acid  breaks  down  into  chloroform 
(p.  234)  and  a  carbonate. 

The  nuthylesttr  boils  at  152.5^,  and  the  ethyl  ester  at  164^.  They  are  obtained  from 
the  add  and  alcohols  (B.  ag,  2210).  TrichUracetyl  chloride^  Percbloracetaldehyde, 
boiling  at  118°,  is  formed  when  ozonized  air  acts  upon  perchlorethylene  (B.  27,  R. 
509) ;  compare  synthesis  of  trichloracetic  acid  from  CS,.  The  bromide  boils  at  143^ ; 
the  anhydride  at  224° ;  the  amide  melts  at  141^  and  boils  at  239° ;  the  nitrite  boils 
at  83®.  Perchloracetic  methyl  ester^  CCl,.  CO,CCl„  melUat  34®  and  boils  at  192^ 
(A.  273,  61). 

Bromacetic  Acids. — Monobromacetic  Acid,  CH,Br.CO,H,  melts  at  50-51^ 
and  boils  at  208^ ;  the  ethyl  ester  boils  at  159° ;  the  chloride  boils  at  134^ ;  the  bro- 
mide^ CH.Br .  COBr,  boils  at  150^  (pp.  I05,  258) ;  the  anhydride  boils  at  245<> ;  the 
amide  melts  at  91°,  and  the  nitrite  boils  at  I48-150®. 

Dibromacetic  Acid,  C^H^BriO,,  melts  at  54-56°,  and  boils  at  from  232-235°. 
The  ethyl  ester  boils  at  192'';  the  h^omide,  CHBr, .  COBr  (pp.  105,  258),  boils  at 
194°,  and  (he  amide  melts  at  156°. 

Tribromacetic  Acid,  C^HBrjO,,  melts  at  135°,  and  boils  at  245°,  with  decompo- 
sition. Its  ethyl  eiter  boils  at  225® ;  the  bromide  at  220^-225°  ;  the  amide  melts  at 
120-121°;  the  nitrite  boils  at  170°.  It  is  a  dark  red  liquid,  which  HCl  changes  to 
the  polymeric  trinitrile,  melting  at  129°  (B.  27,  R.  730^. 

lodoacetic  Acids. — Moniodoacetic  Acid,  C,H,IO,,  melts  at  82°. 

Di-iodoacetic  Acid,  CHI,.CO,H,  melts  at  110°. 

Tri-iodoacetic  Acid  melts  at  150°.  The  last  two  compounds  have  been  obtained 
from  malonic  acid  and  iodic  acid  (B.  a6,  R.  597).    Compare  iodoform,  page  235. 

Sabstitution  Products  of  Propionic  Acid. 

The  a-monohaloid  propionic  acids  contain  an  asymmetric  carbon  atom ;  hence  their 
esters  are  known,  for  example,  in  an  active  form.  They  are  prepared  according  to 
the  methods  ^  and  5  (p.  272).  The  )3-monohalogen  acids  are  derived  from  acrylic 
acid  by  method  3  (p.  272),  and  /?-iodopropionic*acid  from  glyceric  acid  by  method  4a. 

a-Chlorpropionic  Acid,  CH, .  CHCl .  CO,H ,  boils  at  186°.  Its  ethyl  ester  boils 
at  146°;  its  chloride  at  109-110°;  its  amide  at  80°;  its  nitrile  at  121-122°. 
a-Brompropionic  Acid  melts  at  24.5°  and  boils  at  205°.  Its  ethyl  ester  boils  at 
162°;  its  bromide  at  153°  (A.  280,  247);  its  anhydride  at  120°  (5  mm. J  (B.  27, 
2949).  a-Iodopropionic  Acid  is  a  thick  oil.  Dextrorotatory  a-Chior-  and 
a-Brompropionic  Esters  have  been  prepared  from  sarcolactic  acid  (B.  28,  1293). 

/SChlorpropionic  Acid,  CH,C1 .  CH, .  CO,H,  melts  at  41.5°  and  boils  at  203- 
ao4°.  Its  methyl  ester  boils  at  156°;  \\&  ethyl  ester  boils  at  162°;  its  chloride 
at  143-145°.  ^-Brompropionic  Acid  melts  at  61.5°;  its  ethyl  ester  boils  at 
69-70°  (10  mm.);  its  bromide  boils  at  154-155°.  /3-Iodopropionic  Acid  melts  at 
82°;  iYkt  methyl  ester  boils  at  188°;  iht  ethyl  ester  at  202°;  and  the  amide  melts 
at  100°  (B.  21,  24,  97). 

Dihalogen  Propionic  Acids.— <m- Acids,  from  the  chlorination  and  bromination 
of  propionic  acid  (B.  18,  235)  ;  a/9-acids,  by  the  addition  of  chlorine  and  bromine  to 
acrylic  acid,  by  the  addition  of  a  halogen  hydride  to  a-halogen  acrylic  acids,  and  by 
the  oxidation  of  the  corresponding  alcohols  (p.  272) ;  ^)3-acids,  by  the  addition  of  a 
halogen  hydride  to  ^-halogen  acrylic  acids. 

aa-Dicblorpropionic  Acid,  CH, .  CCl, .  CO,H,  boils  at  i85°-i90°  Tht  ethyl 
ester  boils  at  156°-!  57°  ;  its  chloride^  from  pyroracemic  acid  and  PCI5,  boils  at  105°- 
115*,  and  the  amide  melts  at  Il6°  (B.  ix,  388).  The  nitrile  boils  at  105°  (B.  9, 1593). 

The  silver  salt  changes  to  CH,  .  CO  .  CO,H  (pyroracemic  acid),  and  aa-dichlor- 
propionic  acid  (see  B.  x8,  1227). 

aa-Dibrompropionic  Acid  melts  at  61°  and  boils  at  220°.  The  ethyl  ester  boils 
at  190°. 

a/3Dichlorpropionic  Acid,  CH,a .  CHCl .  CO,H,  melts  at  50°  and  boils  at  210^. 
The  ethyl esterhoWs  at  184°. 
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a/?-Dibrompropionic  Acid  is  capable  of  existing  in  two  allotropic 
which  can  be  readily  converted  one  into  the  other.  The  one  fonn  melts  at  51",  the 
other,  more  stable,  at  64®.  The  acid  boils  at  227^,  with  partial  decompo6itkm.  The 
ethyl  rstfr  boils  at  21 1°-214®. 

/?/^-Dibrompropionic  Acid,  from  ^-bromsusylic  acid  and  HBr,  melCs  at  71^  (B. 
27,  R.  257). 

Substitution  Products  of  the  Butyric  Acids. 

a-Chlor-n-butyric  Acid,  CH, .  CH, .  CHCl .  CO,H,  is  a  thick  liquid.  Its  etkyi 
ester  boils  at  156-160**.  Its  chloride^  boiling  at  129-132^,  b  obtained  from  butjnyl 
chloride  (A.  I53,  24I). 

a-Brombutyric  Acid,  from  butyric  acid,  boils  at  215^. 

/?-Chlor-n-butyric  Acid  is  obtained  from  allyl  cyanide. 

/?-Brom-n -butyric  Acid  and  /3-Iodo-n-butyric  Acid  (melting  at  1 10")  (B.  22, 
R.  741)  have  been  obtained  from  crotonic  acid. 

>  Chlor-n-butyric  Acid,  CH.Cl .  CH, .  CH,  .  CO-H,  melts  at  io*».  Trimetby- 
lene  Chlorobromide,  CH.Cl .  CH, .  CH,Br,  and  KCN,  yield  the  x-chlorbutyric 
nitrile,  boiling  at  195-197**  £b.  23,  1771).  The  acid  is  obtained  from  this,  and  when 
distilled  at  200°  it  yields  IlCl  and  Imtyro-lactone  (see  this). 

>'-Brom-  and  >--Iodobutyric  acids  result  from  butyro-lactone  (see  this)  by  the 
action  of  liBr  and  HI  ;  the  fir>t  melts  at  33^,  the  second  at  41**  (B.  19,  R.  165). 

n/i-Dichlorbutyric  Acid,  CH, .  CHCl  .  CHCl  .  CO,H,  melts  at  63®.  a/3-Di- 
brombutyric  Acid  melts  at  85°.     Hoth  are  obtained  from  crotonic  acid. 

aa/?-Trichlorbutyric  Acid,  C.H.C1,0,,  appears  in  the  oxidation  of  trichlorbutjr- 
aldehyde  and  by  the  action  of  ch forme  u|X)n  chlorcrotonic  acids  (B.  a8,  2661). 

aa^-Tribrombutyric  Acid  melts  at  105°.  The  solutions  of  the  sodium  salts  of 
both  acids  break  down  when  warmed  into  CO,,  sodium  halide,  and  oa-dichlor-  and 
oa-dibrompropylene  (B.  28,2663). 

a-Bromisobutyric  Acid,  (CH,),.  CBr.  CO,H,  melts  at  48^  and  boils  at  198**- 
200**.     Its  anhydride  melts  at  63**  (B.  27,  2951). 

Halogen  Substitution  Products  of  Higher  Fatty  Acids. 

a-Monobrom-acids  of  some  of  the  higher  fatty  acids  have  been  prepared  by  direct 
bromination,  or  by  the  action  of  bromine  in  the  presence  of  phosphorus  (B.  25,  486). 
Furthermore,  such  derivatives  arise  from  the  addition  of  halogen  hydrides  and 
halogens  to  unsaturated  acids. 

The  dibrom-addition-products  of  the  unsaturated  acids  have  been  exhaustively 
studied.  Water  almost  invariably  sets  the  COOH  free  from  the  a/3-dibromides  with  the 
formation  of  brominated  hydrocarbons,  etc. ,  whereas  carbon  is  never  split  off  ixom. 
the  '^y-  and  >  (T- derivatives,  but  the  first  products  are  brominated  lactones,  from  which 
oxylactones  and  7-ketonic  acids  are  simultaneously  obtained  (A.  268,  55). 


B.  OLEIC  ACIDS,  OLEFINB  MONOCARBOXYLIC  ACIDS, 

C„H,,.,CO,H. 

The  acids  of  this  series,  bearing  the  name  Oleic  Acids j  becatise 
oleic  acid  belongs  to  them,  differ  from  the  fatty  acids  by  containing 
two  atoms  of  hydrogen  less  than  the  latter.  They  also  bear  the  same 
relation  to  them  that  the  alcohols  of  the  allyl  series  do  to  the  normal 
alcohols.  We  can  consider  them  derivatives  of  the  alkylens,  C.H,., 
produced  by  the  replacement  of  one  atom  of  hydrogen  by  the  car- 
boxyl  group. 

Some  of  the  methods  employed  for  the  preparation  of  the  unsatu- 
rated acids  are  similar  to  those  used  with  the  fatty  acids.     Otheis 
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correspond  to  the  methods  used  with  the  olefines,  and  others,  again, 
are  peculiar  to  this  class  of  bodies. 

From  compounds  containing  a  like  carbon  content: 
(i )  Like  the  fatty  acids,  they  are  produced  by  the  oxidation  of  their 
corresponding  alcohols  and  aldehydes ;  thus,  allyl  alcohol  and  its  alde- 
hyde afford  acrylic  acid : 

CH, :  CH .  CH, .  OH >  CH, :  CH  .  CHO X:H,  :  CH  .  CO,H. 

Ally  I  Alcohol  Acrolein  Acrylic  Acid. 

(2)  The  action  of  alcoholic  potash  (p.  272)  upon  the  monohalogen 
derivatives  of  the  fatty  acids : 

CH, .  CH, .  CHO .  CO,H  and  CH, .  CHQ .  CH, .  CO,H  yield  CH, .  CH :  CH  .  CO,H 
«-CbIorbutyric  Acid  ^-ChIorbuty^ic  Acid  Crotonic  Acid. 

The  /S-derivati^es  are  especially  reactive,  sometimes  parting  with  halogen  hydrides 
on  boiling  with  water  (p.  272),  whereas  the  y'-halogen  acids  yield  oxy-acids  and 
lactones.  (3)  Similarly,  the  a/3-derivatives  of  the  acids  (p.  274)  readily  lose  two 
halogen  atoms,  (a)  either  by  the  action   of  nascent  hydrogen — 

CHj^Br.CHBr.  CO,H  +  2H  =  CH,:  CH  .  CO,H  -f  2HBr, 
«/l-Dibrompropionic  Acid  Acrylic  Acid. 

CMT  (b)  even  more  readily  when  heated  with  a  solution  of  potassium  iodide,  in  which 
instance  the  primary  di-iodo-compounds  part  with  iodine  (p.  131): 

CH,I .  CHI .  CO,H  =  CH, :  CH .  CO,H  +  I,. 

(4)  The  removal  of  water  (in  the  same  manner  in  which  the  alky- 
lens  C,  Hfcj  are  formed  from  the  alcohols)  from  the  oxy-fatty  acids  (the 
acids  belonging  to  the  lactic  series) : 

CH, .  CH(OH) .  CO,H  and  CH,(OH) .  CH^ .  CO,H  yield  CH, :  CH .  CO,H. 
.«-Ozypropionic  Acid  ^-Ozypropionlc  Acid  Acrylic  Acid. 

Here  again  the  jS-deriratives  are  most  inclined  to  alteration,  losing  water  when 
heated.  The  removal  of  water  from  a-derivatives  is  best  accomplished  by  acting  on 
the  esters  with  PCI,.  The  esters  of  the  unsaturated  acids  are  formed  first,  and  can 
be  sa  ontfied  by  means  of  alkalies. 

(5)  From  the  amido-fatty  acids  by  the  splitting- off  of  the  amido-group  after  the 
preTioos  introduction  of  the  methyl  group. 

(6)  By  the  addition  of  hydrogen  10  acetylene  carbonic  acids : 

Tetrolic  Acid,  CH,.C  ■  C .  CO,H  +  2H  =  CH, .  CH :  CH .  CO,H,  Crotonic  Acid, 

Nucleus-synthetic  Methods.^^i)  Some  may  be  prepared  synthetically 
from  the  halogen  derivatives,  CnHft,_iX,  aided  by  the  cyanides  (see 
p.  240) ;  thus  allyl  iodide  yields  allyl  cyanide  and  crotonic  acid,  and 
the  point  of  double  union  is  changed  : 

CH,  =  CHCH,I >-  CH,CH  =  CHCN >  CH,CH  =  CHCO,H. 

The  replacement  of  the  halogen  by  CN  in  the  compounds  C^Hyn  4.|X  is  conditioned 
tyy  the  structure  of  the  latter.  Although  allyl  iodide,  CH,  :CH.  CH,1,  yields  a 
cyanide,  ethylene  chloride,  CH, :  CHCl,  and  /?-chlorpropylene,  CH, .  CCl :  CH,,  are 
DOC  capable  of  this  reaction. 

(8)  Some  adds  have  been  synthetically  prepared  by  Perkin's  reaction.  This  is 
readily  executed  with  benzene  derivatives.     It  proceeds  with  difficulty  in  the  fatty 
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series.     It  consists  in  letting  the  aldehydes  act  upon  a  mixture  of  acetic 
and  sodium  acetate  (compare  Cinnamic  Acid) : 

C,H„CHO  +  CH,  .  COjNa  =  C,H„ .  CP  =  CH  .  CO,Na  +  H,0. 
(Enantbol  Nooylenic  Add. 

/9-DimethylacryIic  acid  is  obtained  from  acetone,  malonic  add  and  acetic  anhj- 
dride  (B.  ay,  1574). 

Pyroracemic  acid  acts  analogously  with  sodium  acetate ;  carbon  dioxide  splits  off 
and  CFotonic  acid  results  (B.  z8,  987}. 

Methods  of  formation,  dependent  upon  the  breaking-down  of  long 
carbon  chains : 

(9)  The  decomposition  of  unsaturated  p-ketonic  acidSf  synthetically  prepared  by 
the  introduction  of  unsaturated  radicals  into  aceto-acetic  esters.  AUyl  aoeto-acetic 
ester  yields  al/yl  acetic  acid  (p.  284). 

( 10)  Decomposition  of  unsaturated  malonic  acids ^  containing  the  two  caiboxyl 
groups  attached  to  the  same  carbon  atom  (p.  241) : 

CH, .  CH  :  C(CO,H),  =^  CH, .  CH  :  CH  .  CO,H  +  CO,. 
Ethidene-malonic  Add  Crotonic  Acid. 

(11)  Unsaturated  /3y  acids  are  prepared  by  distilling  T'-lactone-Z^-carboxylic  acids, 
alkylized  paraconic  acids  (B.  23,  R.  91).  In  the  same  manner  ytf-unsaturated  adds 
result  fix>m  the  d-lactone->'-carbonic  acids  (B.  29,  2367)  : 

9^«^  ~COa  ^  y       p       a 

Methvl  nara-             CHj.  CH  .  CH  .  CH,  <^  CHj  .  CH  :  CH  .  CH| .  COjH 

conic  ifcid,  O CO  Elhidcne-propionic  Acid 

CO,H  6       y       p        a 

«-Caprolactone-      CH, .  CH .  C .  CH, .  CH, >■  CH, .  CH  :  CH  .  CH, .  CH- .  CO,H 

ynrarboxylic  Add.  ^ ^^  y«.Hcxenic  Acid. 

Isomerism, — An  isomeride  of  acrylic  acid  is  not  known,  or  possible. 
The  second  member  of  the  series  has  three  structurally  isomeric,  open- 
carbon  chain  modifications : 

(i)CH,.CH  =  CH.CO,H;   (2)CH,  =  CH  .  CH, .  CO,H  ;   (3)  CH,  =  C<^2*^- 

In  fact,  there  are  three  crotonic  acids — the  ordinary  soiiti  crotonic 
acidf  isocrotonic  acid  and  methylacrylic  acid.  Formerly,  formula  2 
was  ascribed  to  isocrotonic  acid.  There  is,  however,  much  favoring 
the  view  that  both  acids — the  ordinary  solid  crotonic  acid  and  iso- 
crotonic acid — have  the  same  formula.  Hence  it  is  assumed  that  cro- 
tonic and  isocrotonic  acids  are  merely  geometric,  stereo-  or  space-isomer- 
ides.     Compare  crotonic  acids,  p.  282. 

Numerous  pairs  of  isomerides,  where  differences  may  be  similarly 
indicated,  attach  themselves  to  crotonic  and  isocrotonic  acids — an- 
gelic and  tiglic  acids;  oleic  and  elaidic  acid ;  erucic  and  brassidic 
acids. 

The  monocar  boxy  lie  acids  of  tri-,  tetra-,  penta-,  and  hexamethy- 
lene  are  structurally  isomeric  with  the  acids  C,H5.  COjH,  C4H|CO,H, 
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QH,CO,H,  C,HuCO,H.     Further,  the  iritntthylene  carboxylic  acid, 

CH 

pTT*>CH .  CO,H,   is  isomeric  with  the  three  crotonic  acids,  and 

CH 
fetramethyUne  carboxylic  acid,  CH,<pTj'>CHCOaH,  etc.,  with  the 

acids  C4H7CO,H.     Compare  p.  89. 

PropetHes  and  Transpositions, — Like  the  saturated  acids  in  their  en- 
tire character,  the  unsaturated  derivatives  are,  however,  distinguished 
by  their  ability  to  take  up  additional  atoms.  They  unite  the  proper- 
ties of  a  fatty  acid  with  those  of  an  olefine. 

(i)  On  combining  with  two  hydrogen  atoms  they  become  fatty 
acids. 

The  lower  members,  as  a  general  thing,  combine  readily  with  the  H,  evolved  in 
the  action  of  zinc  upon  dilute  sulphuric  acid ;  while  the  higher  remain  unaffected. 
Sodium  amalgam  apparently  only  reduces  those  acids  in  which  the  carboxyl  group  is 
in  union  with  the  doubly-linked  pair  of  carbon  atoms  (B.  aa,  R.  376).  All  may  be 
hydrogenized,  however,  by  heating  with  hydriodic  acid  and  phosphorus. 

(2)  They  combine  with  halogen  hydrides,  forming  monohalogen 
fatty  acids.  In  so  doing  the  halogen  atom  attaches  itself  as  far  as 
possible  from  the  carboxyl  group  (p.  274). 

(3)  They  unite  with  the  halogens  to  form  dihalogen  fatty  acids 
(p.  274). 

All  these  transformations  have  already  been  given  as  methods  of 
forming  fatty  acids  and  their  halogen  derivatives. 

(4)  Ammonia  converts  the  oleBne  carboxylic  acids  into  amido-fatty  acids ;  crotonic 
acid  yields  ^-amidobutjrric  acid.  Hydrazine  and  phenylhydrazine  deport  themselves 
similarly  with  the  same  compounds. 

(5)  Diazoacetic  ester  combines  with  the  oleBne  carboxylic  esters  to  produce  pyra- 
zoline  carboxylic  ester;  acrylic  ester  and  diazoacetic  ester  yield  3. 4-pyrazoline  car- 
boxylic ester  (see  this)  (Buchner,  A.  ays,  222). 

(6)  The  behavior  of  unsaturated  acids  toward  alkalies  is  especially 
noteworthy.  ^ 

(tf)  When  heated  to  100**,  with  KOH  or  NaOH,  they  frequently  absorb  the  ele- 
ments of  water  and  pass  into  oxy-acids.  Thus,  from  acrylic  acid  we  obtain  a-lactic 
acid  (CH, :  CH .  CO,H  -f  H,0  =  CH, .  CH(OH)  .  CO,H),  and  malic  from  fumaric 
acid,  etc. 

{b)  /IJ^- Unsaturated  acids  rearrange  themselves  to  a/J-unsaturated  acids  (Fittig,  A. 
283,  47,  269 ;  B.  28,  R.  140)  when  they  are  boiled  with  caustic  alkali  \  the  double 
unioD  is  made  to  take  a  new  position : 

CH,.CH,,£h  =  CH.CH,.COOH  >■  CH, .  CH, .  Jh, .  CH  :  CH .  COOH. 

Hydrosorbic  Acid  n-Butylidene  Acetic  Acid. 

(r)  When  fused  with  potassium  or  sodium  hydroxide  their  double 
union  is  severed  and  two  monobasic  fatty  acids  result : 

CH, :  CH .  CO,H    +  2H,0  =     CH,0,     +  CH, .  CO,H  -f  H, 
Acrylic  Acid  Formic  Acid         Acetic  Acid 

CH,CH :  CH .  CO,H  +  2H,0  =  CH,  .  CO.H  -f-  CH, .  CO,H  -f  H,. 
Crotonic  Acid  Acetic  Acid  Acetic  Acid. 


i  by  fasioB  with  alkali  is  Dot  a  reaction 
=.2^  o:)D5tit[ition,  because  under  the 
V  jccur  a  displaoemcnt  or  rearrange- 


1  pomiDgaiule.  ihe  nnsMnraled  •dds  tostain 
eaaes;  dtoi;  uids  rtsnlt  {Fltig,  B.  3t,  1887). 


-a — iici  ».tcs  wbeo  heated  with  dilute  sulphuric  acid 


,*«:K  AM  y'-fff^-AdJ^  CH, :  CH  .  CO,H,  melting  at  y" 

.     -.-;  -----  *  obtained  according  to  the  general  methods : 

->:".•.  J  -vom-,  or^  iodo  propionic  acid  by  the  action 

;&,-;  -f  ;«»d  oxide. 

;  ,-,   •r^mL-r.'pionicacid  by  the  action  of  zinc  and  sul- 

^.      _  i^AtiTopionic  acid  (hydracr>Iic  acid). 
!,.,  -V-"  c  vvnsjjis  in  oxidizing  acrolein  with  silver  oxide,  or 
'.  ,.,.  ^  i-.t  ot"  acn.iieln,  by  successive  treatment  with  hydro- 
i        .-i;ji-o.inti.>^  chlorpropionicacid,  and  the  subsequent 

-  ■>  ;-  >  acid  by  caustic  alkali  (B.  26,  R.  777). 

~  A  .  >  *  -  4"^"^  *"''''  ""  ^'^'  ''^*  t^'st  °^  acetic  acid.     It 

.^  «  .1  ■a^?''-     ''  allowed  to  stand  for  some  time,  it  is  trans- 

""  i-i-.  c  ivliTueride.     By  protracted  heating  on  the  water- 

""    -    .  .^•t.-\ia:lphuric  acid  it  is  converted  m\o  propionic  acid. 

^  _.^.^  sil  occur  in  the  cold.     It  combines  with  bromine 

^'  ..^^in«nfn7^"''~''  «•■'</.  and  with  the  halogen  hydrides  to 

*  '.^^^^Mfrmihtfts  o(  propionic  acid  (p.  275).    If  fused  with 

■  -      ^  v^  ;;  K  broken  op  into  acetic  and  formic  acids. 

j^  ^.,  C,H/V^-  coo^Ws  °f  shining  needles.     The  /fad  sail,  {C,H,- 

I'Om  the  rsler  of  a,'5-dibrompropioniir«cid 
I  L^rnt- smelling  liquid  boiling  at  toi-ioz^. 

I    lime  pol)Tneri7es  to  n  solid  mass. 

!-  at  75-76°:  a/;y/,r  anAyJriJt  [CH,:. 
umidt.  CH,  :  CH  .  CONH,,  melts  al  ^- 
CH  .C.V,  boils  al  78°  (B.  a6,  R.  776). 

iimeric  forms  of  mono-  and  di-substituted 

.  le'ults  when  a/J-  and  also  oa-dichlor- 
" .    Il  melts  at  64-6s'>.     It  combines 
caciil  (B.  10,  1499;  18,  244). 
j(h  dichloraciyiic  add  in  the  reduc- 
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tion  oi  ehlorolide  "v'lih.  zioc  and  hydrochloric  acid  (A.  203,  83;  239,  263),  also  from 
propiolic  add,  C,HjO,  (p.  287),  by  the  addition  of  HCl.  It  melts  at  84®  (A.  203, 
83).    It  unites  with  HCI  to  ^j9-dichlorpropionic  acid.   The  ethyJ  ester  boils  at  146^. 

a-Bromacrylic  Acid  melts  at  69-70^. 

/3-Bromacrylic  Acid  melts  at  115-116°. 

P  lodoaciylic  Acid,  C,H,IO„  is  known  in  two  modifications,  one  melting  at 
139-140°,  the  other  at  65°  (B.  19,  542). 

aj3-Dichloracrylic  Acid  melts  at  87°.   j9/3-Dichloracrylic  Acid  melts  at  76-77°. 

a/?Dibroinaciylic  Acid  and  ^/3-Dibromacrylic  Acid  both  melt  at  85-86°. 

a/?  Di-iodo-acrylic  Acid  melts  at  106°;  /§^-Di-iodo-acrylic  Acid  melts  at 
I33°(B.  18.  2284). 

Trichloracrylic  Acid  melts  at  76°. 

Tribromacrylic  Acid  melts  at  117-118°. 

2.  Crotonic  Acids,  CsHg .  CO,H. 

In  the  introduction  to  the  olefine  carboxylic  acids  the  isomerism  of 
the  crotonic  acids  was  made  evident,  and  it  was  shown  that  the  cause 
of  the  difference  between  crotonic  and  isocrotonic  or  quartenylic  acid 
was  sought  in  the  different  arrangement  of  the  atoms  in  the  molecules 
of  the  two  acids,  in  the  sense  of  the  following  formulas  (A.  248,  281) : 

HCCOjH  HC .  CO,H 

H  0 

HC .  CH,  CHjCH 

Crotooic  Acid  Isocrotonic  or  Quartenylic  Acid. 
(Plane  Symmetric  Config.)  (Axial  Symmetric  Confij^.) 

The  ordinary  solid  crotonic  acid  is  the  ^/>-crotonic  acid,  because  it 
can  be  reduced  by  means  of  sodium  amalgam  to  tetrolic  acid  (B.  22, 
1 1 83);  and  isocrotonic  acid  would  then  be  the  cistrans  crotonic  acid 
(P-  S')-  (However,  the  experimental  basis  for  the  determination  of 
the  so-called  configurations  are  very  uncertain ;  compare  B,  25,  R. 
855,  856;  J.  pr.  Ch.  [2]  46,  402.  Furthermore,  the  unitary  nature 
of  isocrotonic  acid  has  again  been  thrown  in  doubt ;  compare  B.  26, 
108 ;  and  also  A.  268,  16;  283,  47;  B.  29,  1639). 

The  melting  and  boiling  points  of  both  crotonic  acids  and  their 
monochlor-  and  dichlor-substitution  products  are  presented  below  in  a 
tabular  form : 

1  )  Crotonic  Acid  ^^>^  •  C<^^«^  m.  p.    72° ;    b.  p.  180°. 
Itf)  aChlorcrotonic  Acid  ^^>C:C<^P«^      "       99°;       "    212°. 
i^)  ^-Chlorcxotonic  Acid  ^^}>C:C<^^»"     "      94°;       **    200°. 
\c)  a-Bromcrotonic  Acid  ^^>C :  C<g^«^     "     106.5°. 
irf)  /3-Bromcrotonic  Acid  ^  bJ>C  :  C<^^«"     «      95°, 

2  )  Isocxotonic  Acid              CU^^ '  ^<n^*^  l^^"'^  "  75** {23 mm.). 
2a)  a-Chlorisocrotonic  Acid  q^>C  :  C<^{^*^  m.  p.  66.5°. 
2^)  ^Chloriaocrotonic  Acid  q^>C  :  C<2^«^     "  59 
2^)  a.Bromi80crotonic  Acid  q^>C  :  C<3^»^     "  92 
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I.  Ordinary  Crotonic  Acid  is  obtained : 

(i)   By  the  oxidation  of  crotonaldehyde,  CH, .  CH :  CH  .  COH 

(p.  277). 

(2)  By  the  action  of  alcoholic  potash  upon  a-brombatyric  acid  and 
/9-iodobutyric  acid  and 

'3)  KI  upon  a^-dibrombutyric  acid. 

4)  By  the  dry  distillation  of  /9-oxybutyric  acid,  CH, .  CH(OH) .  - 
CH, .  CO,H. 

(5)  By  the  action  of  sodium  amalgam  on  tetrolic  acid. 

(6)  From  allyl  iodide  by  means  of  the  cyanide  (B.  21,  494). 

(7)  The  most  practicable  method  of  obtaining  crotonic  acid  is  to 
heat  malonic  acid,  CH,(COxH)„  with  paraldehyde  and  acetic  anhy- 
dride. The  ethidene  malonic  acid  first  produced  decomposes  into 
CO,  and  crotonic  acid  (p.  278)  (A.  218,  147). 

Crotonic  acid  crystallizes  in  fine,  woolly  needles  or  in  large  plates. 
It  dissolves  in  12  parts  water  at  20^.  The  warm  aqueous  solution  will 
reduce  alkaline  silver  solutions  with  the  formation  of  a  silver  mirror. 
Zinc  and  sulphuric  acid,  but  not  sodium  amalgam,  convert  it  into 
normal  butyric  acid.  It  combines  with  HBr  and  HI  to  yield  fi-hrom- 
and  /9-iodobutyric  acid,  and  with  chlorine  and  bromine  to  afi  dichlor- 
and  a/9-dibrombutyric  acids.  Its  methyl  ester  combines  at  180°  with 
sulphur  (B.  28,  1636).  When  fused  with  caustic  potash,  it  breaks  up 
into  two  molecules  of  acetic  acid;  nitric  acid  oxidizes  it  to  acetic 
and  oxalic  acids,  and  potassium  permanganate  oxidizes  it  to  dioxy- 
butyric  acid  (A.  268,  7). 

(la)  aChlorcrotonic  Acid,  CH,  .  CH  :  CC1.C0,H,  is  obtained  when  trichlor- 
butyric  acid  (p.  276)  is  treated  with  zinc  and  hydrochloric  acid,  or  zinc  dust  and 
water.  Further,  by  the  action  of  alcoholic  potash  on  a^-dichlorbutyric  ester  (B.  ai, 
R.  243). 

(i^)  /?-Chlorcrotonic  Acid,  CH, .  CCl :  CH  .  CO,H,  is  obtained  in  small  qoan- 
tities  (together  with  /3-chlorisocrotonic  acid)  from  aceto-acetic  ester,  and  by  the  addi> 
tion  of  HCl  to  tetrolic  acid.  With  boiling  alkalies  it  yields  tetrolic  acid  (p.  288). 
Sodium  amalgam  converts  both  a-  and  /3-chlorcrotonic  acids  into  ordinary  crotonic 
acid. 

(ir)  a- Brom crotonic  Acid,  from  the  ester  of  dibrombutjrric  add. 

( \d )  /3-Bromcrotonic  Acid,  from  tetrolic  acid. 

Dichlor-  and  Dibromcrotonic  Acids.     See  tetrolic  acid,  p.  288. 

(2)  Isocrotonic  Acid,  Quartenylic  Acid^  Cis-trans- Crotonic  Add,  AUocrotonic 
Acidy  was  first  obtained  from  /3-chlorisocrotonic  acid  by  the  action  of  sodium  amalgam 
and  similarly  from  the  a-chlor-acid.  When  heated  to  170-180^,  in  a  sealed  table,  it 
changes  to  ordinary  crotonic  acid.  This  alteration  occurs  partially,  even  during  dis- 
tillation. This  explains  why,  upon  fusing  isocrotonic  acid  with  KOH,  formic  and 
propionic  acids  (which  might  be  expected)  are  not  produced,  but  in  their  stead  acetic 
acid,  the  decomposition  product  of  crotonic  acid.  5k>dium  amalgam  does  not  change 
it.  It  combines  with  HI  to  yield  /?-iodo- butyric  acid  (B.  2a,  R.  741).  It  yields  a 
liquid  dichlonde,  C^H^CIjO.  (Iso  a.'?-dichlorbutyric  acid),  with  CI,.  This  passes 
into  a-chlorcrotonic  acid.  rotassium  permang<inate  oxidizes  it  to  isodioxykutyric 
acid  (see  this)  (A.  268,  16). 

(2a)  a-Chlor-isocrotonic  Acid  is  obtained  by  the  action  of  sodium  hydroxide 
on  free  a^-dichlorbutyric  add.      It  is  the  most  soluble  of  the  four 
Mdds  (B.  22,  R.  S^)' 
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When  PClf  and  water  act  upon  aceto-acetic  ester,  CH, .  CO .  CH, .  CO .  C,H«, 
/3-cblorisocrotonic  acid  (with  ^-chlorcrotonic  acid)  is  produced.  It  is  very  probable 
that  ^-dichlorbutyric  acid  is  formed  at  first,  and  this  afterward  parts  with  HCl.  It 
is  also  formed  by  protracted  heating  of  /3-chIorcrotonic  acid. 

Sodium  amalgam  converts  both  the  a-  and  /ij-chlorisocrotonic  acid  into  liquid  iso- 
crotonic  acid  (B.  aa,  R.  52). 

a-Bromisocrotonic  Acid  is  produced  by  the  action  of  sodium  hydroxide  upon 
free  a/?-dibrombutyric  acid  (B.  ai,  R.  242). 

(3)  Methacrylic  Acid,      ^^I'^'^COH       ^^  ethyl  ester  was  first  obtained 

by  the  action  of  PCI,  upon  oxy-isobutyric  ester,  (CHg), .  C(OH) .  CO,  .  C^H, .  It 
is,  however,  best  prepaxied  by  boiling  citrabrom-pyrotartaric  acid  (from  citraconic 
acid  and  HBr)  with  water  or  a  sodium  carbonate  solution : 

CjH^BrO^  =  C^H.O,  +  CO,  +  HBr. 

It  consists  of  prisms  that  are  readily  soluble  in  water,  fuse  at  •{- 16^,  and  boil  at 
160.5^.  NaHg  converts  the  acid  into  isobutyric  acid.  It  combines  with  HBr  and 
HI  to  form  a-brom-  and  iodo-isobntyric  acid,  and  with  bromine  to  form  a/3-dibrom- 
isobutyric  acid,  which  confirms  the  assumed  constitution  (J.  pr.  Ch.,  [2]  as,  369). 
When  fused  with  KOH,  it  breaks  up  into  propionic  and  acetic  acids. 

Pentenic  Acids,  C^H, .  CO,H. 

Of  the  isomerides  of  this  formula,  angelic  or  o/3dimethyl  acrylic  acid  is  the  most 
important.  It  bears  the  same  relation  to  tiglic  acid  that  was  ol»erved  with  crotonic 
and  isocrotonic  acids  (p.  282). 

H  CO  H 

I.  Angelic  Acid,  cH  ^^  ~  ^"^crf  •  melting  at  45** and  boiling 
at  185^,  exists  free  along  with  valeric  and  acetic  acids  in  the  roots  of 
Angelica  archangelica^  and  as  butyl  and  amyl  esters,  together  with 
tiglic  amyl  ester,  in  Roman  oil  of  cumin,  the  oil  of  Anihcmis  twbilis. 

Angelic  acid  congeals,  when  well  cooled,  and  may  be  thus  separated  from  liquid 
valeric  acid.  We  can  separate  angelic  and  tiglic  acids  by  means  of  the  calcium  salts, 
that  of  the  first  being  very  readily  soluble  in  cold  water  (B.  17,  2261 ;  A.  283,  105). 

When  10  grdms  of  angelic  acid  are  boiled  for  twenty  hours  with  caustic  soda  (40 
grams  NaOH  in  160  grams  of  water),  two- thirds  of  it  are  converted  into  tiglic  acid. 
Heating  with  water  at  120^  will  change  half  of  it  to  tiglic  acid  (A.  a83, 108).  When 
pure  angelic  acid  is  heated  to  boiling  for  hours  it  is  completely  changed  to  tiglic  acid. 
The  same  occurs  by  the  action  of  sulphuric  acid  at  100°.  It  dissolves  without  diffi- 
culty in  hot  water,  and  volatilizes  readily  in  steam.     Its  ethyl  esta^  boils  at  141°. 

CH 
Tiglic  Acid,  a-Methylcrotonic  Acid,  CH,.  CH:C<pQ'ut  present  in  Roman 

oil  of  cumin  (see  above),  and  in  Croton  oil  (from  Croton  tiglium)^  is  a  mixture  of 
glycerol  esters  of  various  fatty  and  oleic  acids.     It  is  obtained  artificially  by  acting 

PH 
with  pa,  upon  methyl-ethyl  oxy-acetic  acid,^p|     ^JJ»>C(OH)  .  CO,H  (its  ester). 

Tiglic  acid  melts  at  64.5^  and  boils  at  198^  Its  ethyl  ester  boils  at  152^.  Bro- 
mine converts  it  into  two  dibromides  (A.  250,  240 ;  259,  i ;  272,  I ;  273, 1 27  ;  274, 99). 
For  their  constitution,  compare  B.  a4,  R.  668.  The  three  possible  acids,  C^HfCO^H, 
with  normal  structure  are  also  known  (Fittig,  A.  283,  47;  B.  a7,  2658).  Propili- 
tietu  Acetic  Aeid,  a/)- pentenic  acid,  CH^.  C?l, .  CH  :  CH  .  CO,H.,  m.  p.  10°,  b.  p. 
201^,  is  formed  together  with  y-oxyvalenc  acid  on  boiling  ethidene  propionic  acid 
with  soda,  as  well  as  with  malonic  acid,  propionic  aldehyde  and  acetic  anhydride, 
together  with  /3y-pentenic  acid.     Its  dibromide  melts  at  56^.     Ethidene  propionic 
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acidy  jSy-pentenic  acid,  CH, .  CH  :  CH  .  CH,CO.H,  b.  p.  194^,  is  best  prepared  by 
the  distillation  of  methyl  paraconic  acid.     Its  dioromide  melts  at  65**. 

Allyl.acetic  Acid,  ydPentenic  Acid,  CH,  :  CH  .  CH, .  CH, .  CO,H,  obtained 
on  heating  allyl  malonic  acid,  boils  at  187°. 

DimeSiyl  Acrylic  Acid,  (CH,),C :  CH  .  CO,H,  is  obtained  (i)  from  ^-oxy-isora- 
leric  acid,  (CH,),  .  C(OH)  .  CO,H,  by  distillation ;  (2)  from  acetone  and  malonic  acid 
by  means  of  acetic  anhydride  (B.  27,  1574) ;  (3)  from  its  ester,  produced  when 
a-brom  isovaleric  acid  ester  is  heated  with  diethylaniline  (A.  aSo,  252).  See  B.  sg, 
R.  956,  for  its  derivatives.     It  melts  at  70^. 

(4)  Hezenic  Acids,  C^Hj^O,. 

The  normal  acids  belonging  in  this  class  are  Hydro-  and  Isohydrosorbic, 

Hydrosorbic  Acid,  Propylidene-propionic  Acid,  Py-htxemc  acid,  CH,  .  CH,  .  • 
CH  :  CH  .  CH, .  CO,H,  boiling  at  208®,  is  obtained  from  ethylparacmU  acid^  CH, .  - 

CH,.(!:H.CH(C0,H)CH,C0<!),  according  to  method  10  (p.  278);  hence  it  is 
probably  a  /3y-unsaturated  acid.  It  is  the  first  reduction  product  of  sorbic  acid^ 
CH,CH:CH.CH:CH.C0,H.  During  the  reduction  a  shifting  of  the  double 
union  occurs.  On  boiling  hydrosorbic  acid  with  caustic  soda,  it  passes  into  the 
isomeride  whose  formation  one  might  expect  in  the  reduction  of  sorbic  acid — into 
isohydrosorbic  acid,  or  butvlidene- acetic  acidy  a^-hcxenic  acid,  CH,CH,CH,CH  :- 
CHCOjH,  melting  at  33°  and  boiling  at  2i6<>  (B.  24,  83).  When  its  bromine  addi- 
tion product  is  boiled  with  water,  oxycaprolactone  and  homolaevulinic  acid  result 
(A.  a68,  69).  yS-Hexcnic  acid,  CH,  .  CH  :  CH  .  CH, .  CH,.  CO,H,  melts  at  o*». 
Consult  method  of  formation  lo,  page  278.  See  B.  29,  R.  667  for  o/9-  and  py- 
isohexenic  acids. 

Pyroterebic  Acid,  (CH,),C  :  CH  .  CH,  .  CO,H,  and  Tcracrylic  Acid,  C,H,.- 
CH  :  CH  .  CH,  .  CO,H,  b.  p.  218°  (A.  ao8,  37,  39),  belong  lo  the  acids  C,H,,0, 
and  C^HjjO,.  They  deserve  notice  because  of  their  genetic  connection  with  two  oxi- 
dation products  of  turpentine  oil — terebic  acid  and  terpenylic  acid — which  will  be 
considered  later.  See  A.  283,  129  ;  288,  176,  for  /3y-  and  a^'isoheptenic  acids. 
Pyroterebic  acid  is  changed  by  protracted  boiling  or  by  HBr  to  isomeric  isocapro- 
lactone : 


^CH,j,  .  C  .  CH,  .  CH, 
CO 


^ 


Teracrylic  Acid  is  converted  by  HBr  into  the  isomeric  lactone  of  7-oxyheptoic 
acid,  C^H,,(OH)0, — heptolactone. 

Nonylenic  Acid,  CH,(CH,)^CH  :  CH  .  CO,H,  from  oenantliol  by  general  method 
of  formation  7,  page  277. 

Decylenic  Acid,  C^H,,  .CH  =:CH.CH, .  CO,H,  formed  from  hexylparaconic 
acid  according  to  general  method  of  formation  10,  page  278. 

Undecylenic  Acid,  CH,  =  CH(CH,)gCO,H,  is  produced  by  distilling  castor  oil 
under  reduced  pressure.  It  yields  sebacic  acidy  (CH,)g(CO,H  ^,  (see  this)  (B.  19, 
1^'  ZZ^  >  '9*  2224),  upon  oxidation.  It  melts  at  24.5®,  and  boils  at  165^  (15  mm.). 
When  its  dibromide,  melting  at  38°,  is  incompletely  decomposed  by  alcoholic  potash, 
Dehydroundecylenic  Acidy  CH  ^C[CH2]8COjH,  melting  at  43°,  is  obtained,  which, 
fused  at  1 80®  with  caustic  potash,  changtsto  Undcco/ic  And,  CH, .  C  :  C[CH,],CO,H, 
melting  at  59°  (B.  29,  2232). 

Higher  define  Monocarboxylic  Acids. 

To  ascertain  the  point  of  the  doubly  linked  carbon  atoms  in  the  higher  olefine 
monocarlx>xylic  acids,  the  latter  are  converted  into  their  corresponding  acetylene 
monocarbonic  acids  (p.  287),  which,  in  turn,  are  oxidized  and  split  open  at  the  point 
of  triple  carbon  union,  or  they  are  changed  to  ketone  carboxylic  acids,  and  these  are 
then  broken  down.  Thus,  oleic  acid  yields  itearolic  acidy  which  may  be  oxidized  to 
nMelaic  acidy  C^H^fCOjH),,  and  pdargonic  acidy  CgH,^CO,H.  This  would  mean 
hat  in  stearolic  acid  the  carbon  atoms  9  and  10  are  united  by  three  bonds,  and  that 
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they  are  the  atoms  which  in  oleic  acid  are  in  double  union.  This  conclusion  is  con- 
firmed by  the  conversion  of  stearolic  acid,  by  means  of  concentrated  sulphuric  acid, 
into  ketostearu  acid,  whose  oxime  undergoes  the  Beckmann  rearrangement  at  490^,  as 
the  result  of  the  action  of  concentrate  sulphuric  acid.  Two  acid  amides  result, 
which  are  decomposed  by  fuming  hydrochloric  acid,  the  one  into  octylamine  and 
sebacic  acid,  the  other  into  pelargonic  acid  and  9-aminononanic  «cid  (B.  27,  172) : 


Oleic  Acid  C;H„CH  :  CH[CHJtCO,H >-  CgH„CHBr. CHBr[CH,],CO,H 


Stearolic  Acid  CgH^CSCCCHJ^COjH >  CgHj^CO .  CH,[CH J^CO^H 

y  Ketostearic  Acid 

stearic  Acid  *    "       ^       '^       «J8      « 

CgH„NHC0[CHj8C0,H  QH„CO .  NH[CH,],CO,H 

CgH^NH,    [CH,]g(CO,H),         CgH„CO,H     NH,[CH,]gCO,H 
Octylamine        Sebacic  Acid  Pelargonic  Acid       9-Aniinononanic 

Acid. 

The  constitution  of  hypogaeic  and  erucic  acids  has  been  determined 
in  the  same  manner. 

Hypogaeic  Acid,  CH5[CH,],CH:CH[CH,]5CO,H,  found  as  glycerol  ester  in 
cftrthnut  oil  (from  the  fruit  of  Arachis  hypog<ta\  crystallizes  in  needles,  and  melts  at 
33^  and  boils  at  236^  (15  mm.).  It  results  when  stearolic  acid  is  fused  with  KOH 
at  200*>  (B.  27,  3397). 

Oleic  Acid,  0/«Vf^rt//,  ^"^>C:C<^Hj^C0,H  =  C„H,40„  melt- 

ing  at  14*'  and  boiling  at  223**  (10  mm.),  occurs  as  glycerol  ester 
{triolein)  in  nearly  all  fats,  especially  in  the  oils,  as  olive  oil,  almond 
oil,  cod-liver  oil,  etc.  It  is  obtained  in  large  quantities  as  a  by- 
product in  the  manufacture  of  stearin  candles  (p.  253). 

In  preparing  oleic  acid,  olive  or  mandel  oil  is  saponified  with  potash  and  the 
aqueous  solution  of  the  potassium  salts  precipitated  with  sugar  of  lead.  The  lead 
salts  which  separate  are  dried  and  extracted  with  ether,  when  lead  oleate  dissolves, 
leaving  as  insoluble  the  lead  salts  of  all  other  fatty  acids.  Mix  the  ethereal  solution 
with  hydrochloric  acid,  filter  off  the  lead  chloride,  and  concentrate  the  liquid.  To 
purify  the  acid  obtained  in  this  way,  fractionate  it  under  strongly  diminished  pressure. 

Oleic  acid  in  a  pure  condition  is  odorless,  and  does  not  redden 
litmus.  On  exposure  to  the  air  it  oxidizes,  becomes  yellow,  and 
acquires  a  rancid  odor.  Nitric  acid  oxidizes  it  with  formation  of  all 
the  lower  fatty  acids  from  capric  to  acetic^  and  at  the  same  time  dibasic 
acids,  like  sebacic  acid,  are  produced.  A  permanganate  solution 
oxidizes  it  to  azelaic  acid,  CaHigOt.  Moderated  oxidation  produces 
dioxystearic  acid  (see  this). 

It  unites  with  bromine  to  form  liquid  dibromstearic  acid,  C.gHs^Br^O.,  which  is 
converted  by  alcoholic  KOH  into  monobromolnc  acid,  CigH»BrO,,  and  then  into 
stearoleic  acid  (p.  288). 

Nitrous  acid  changes  oleic  into  the  isomeric  crystalline 
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Elaidic  Acid,  ^"^>C:C<[f  "J»^^«".  melting  at  si<>  and  boil- 
ing at  225**  (10  mm.).  With  bromine  it  yields  the  dibromide, 
Ci8HMBr,0„  which  melts  at  27^,  and  when  acted  upon  with  sodium 
amalgam,  passes  back  into  elaidic  acid. 

Iso-oieic  acid^  CjgHg^O,,  melting  at  44-45^y  is  obtained  from  the  Hl-addition  pro- 
duct of  oleic  acid — iodostearic  acid — when  it  is  treated  with  alcoholic  potash,  or  &ob 
oxystearic  acid,  formed  from  oleic  acid  by  the  action  of  cone,  sulphuric  acid,  when  it 
is  distilled  under  reduced  pressure  (B.  az,  R.  398;  az,  1878;  ay,  K.  576). 

Hydriodic  acid  reduces  oleic  and  elaidic  acids  to  stearic  acid.  Oleic,  elaidic,  and 
iso-oleic  acids,  when  fused  with  caustic  potash,  break  down  into  palmitic  adifand 
acetic  acid.  This  is,  however,  a  reaction  that  can  not  be  accepted  as  proving  that  the 
double  union  in  the  three  acids  holds  the  same  position.  The  common  view  is  that 
oleic  and  elaidic  acids  are  stereo-isomerides,  and  that  iso-oleic  is  a  structural  isomer- 
ide  of  the  other  two  acids. 

Bromine  converts  the  three  acids  into  three  different  dibrom- stearic  acids*  Care- 
fully oxidized  with  potassium  permanganate,  they  yield  three  different  dioxyitearic 
acids. 

ErucicAcid,   ^"if|>C:  C<^  j^   ^^^,   Brassidic  Acid,  ch">^-^<C" 

HgjCOjH,  is  present  as  glyceride  in  rape-seed  oil  (from  Brassica  campestris),  in  the 
fatty  oil  of  mustard,  and  in  the  oil  of  grape  seeds.     It  melts  at  33^-34°. 

Nitrous  acid  (B.  19,  3320)  converts  erucic  acid  into  isomeric  brassidic  acid^  melting 
at  66°  and  boiling  at  256°  (10  ram.).  It  sustains  the  same  relation  to  erucic  acid 
that  elaidic  does  to  oleic  (p.  285).  By  oxidation,  erucic  acid  yields  nonylic  and  bras- 
sylic  acids  (B  24,  4120 ;  25,  961,  2667  ;  a6,  639,  838,  1867,  R.  795,  811).  ho- 
erucic  Acid,  see  B.  27,  R.  166,  577. 

Linoleic  and  ricinoleic  acids,  although  not  belonging  to  the  same 
series,  yet  closely  resemble  oleic  acid.  The  first  is  a  simple,  unsatu- 
rated acid,  the  second  an  unsaturated  oxy-acid. 

Linoleic  Acid,  QsHmOj,  occurs  as  glyceride  in  drying  oils ^  which 
quickly  oxidize  in  the  air,  become  covered  with  a  scum,  and  then 
solidify — ^.  ^.,  linseed  oil,  hemp  oil,  poppy  oil,  and  nut  oil.  In  the 
non  drying  oils — olive  oil,  rape-seed  oil  from  Brassica  campestris,  the 
oil  from  Brassica  rapa^  mandel  oil,  fish  oil,  etc. — we  have  the  oleic 
glycerol  ester. 

Various  oxy-fatty  acids  are  produced  when  linoleic  acid  is  oxidized  with  potassium 
permanganate.  Prom  the  fact  that  they  can  be  formed,  it  has  been  concluded  that 
certain  other  acids  exist  in  the  crude  linoleic  acid  (B.  ai,  R.  436  and  659). 

Ricinoleic    Acid,    CHs[CH J^ .  CHOH  .  CH, .  CH  :  CH(CH,V 

C02H[a]D  =  +6.67**  (B.  27,  3471),  is  present  in  castor  oil  in  the  form 
of  a  glyceride.  The  lead  salt  is  soluble  in  ether.  Subjected  to  dry 
distillation,  ricinoleic  acid  splits  into  csnanthoi,  CfHi^O,  and  undecy- 
lenic  acid,  CnHaoOj. 

Fused  with  caustic  potash,  it  changes  to  sebcuic  acid,  CgHj, (CO,H)„  and  secondary 

C  H 
octyl  alcohol,    J,ji*]>CH .  OH.     It  combines  with   bromine  to  a  solid  dibromidi. 

When  heated  with  HI  (iodine  and  phosphorus),  it  is  transformed  into  iodoleic  add, 
C^H^jIO,,  which  yields  stearic  acid  when  treated  with  zinc  and  hydrochloric  add 
(B.  2g,  806), 
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The  point  of  doable  union  between  the  carbon  atoms  in  ricinoleic  acid  is  ascertained 
as  in  the  case  of  oleic  acid : 

(l)  By  transposition  into  ricinstearolic  acid^  melting  at  53^;  (2)  and  this  into 
keto-oxystearu:  acid,  melting  at  S4** ;  (3)  finally,  the  breaking-down  of  the  oxime  of 
the  latter  acid  (B.  27,  3121). 

Nitrous  acid  converts  ricinoleic  acid  into  isomeric  ricinelaldic  acid.  This  melts  at 
53<»  C.  (see  B.  ai,  2735  ;  27,  R.  629). 

Rapinic  Acid,  CjgHg^O,,  occurs  as  glycerol  ester  in  rape  oil  (B.  29,  R.  673). 

Unsaturated  Acids,  C„H^-,CO,H. 

The  acids  of  this  series  contain  either  a  trebly  linked  pair  of  carbon 
atoms,  e.g.f  like  acetylene  (p.  95),  or  two  doubly  linked  pairs  of 
carbon  atoms,  as  in  the  diolefines.  They  are,  therefore,  distinguished 
as  acetylene  monocarboxylic  acids :  propioUc  acid  series  and  diolefine 
monocarboocylic  acids. 


C.  ACETYLENE  CARBOXYLIC  ACIDS. 

Methods  of  Formation. — i.  (a)  By  the  action  of  alcoholic  potash 
upon  the  brom-addition  products  of  the  oleic  acids,  and  {h)  the  mono- 
halogen  substitution  products  of  the  oleic  acids.  This  is  similar  to 
the  formation  of  the  acetylenes  from  the  di halogen  addition  products 
and  the  monohalogen  substitution  products. 

2.  From  the  sodium  derivatives  of  the  mono-alkyl  acetylenes  by 
the  action  of  CO,:  CH, .  C  =  CNa-(-CO,=  CH,C  =  C.  CO,Na. 
Like  the  acetylenes,  they  are  capable  of  saturating  2  and  4  univalent 
atoms. 

Propiolic  Acid,  CH  •  C.CO,H,  Propargylic  Acid  [Propin-Acid],  melting 
at  -f-  tP  and  boiling  with  decomposition  at  144^  (p.  132),  corresponds  to  propargyl 
alcohol.  The  potassium  salt,  C,HKO,  -h  il,0,  is  produced  from  the  primary 
potassium  salt  of  acetylene  dicarbozylic  acid,  when  its  aqueous  solution  is  heated : 


C.CO.K        C *' 


C .  CO,H        CH 

CO,K    ~C.CO,K 

Acetic  acid  results  in  like  manner  from  malonic  acid  (p.  244). 

The  aqueous  solution  of  the  salt  is  precipitated  by  ammoniacal  silver  and  cuprous 
chloride  solutions,  with  formation  of  explosive  metallic  derivatives.  By  prolonged 
boiling  with  water  the  potassium  salt  b  decomposed  into  acetylene  and  potassium 
carbonate. 

Free  propiolic  acid,  liberated  from  the  potassium  salt,  is  a  liquid  with  an  odor 
resembling  that  of  glacial  acetic  add.  The  acid  dissolves  readily  in  water,  alcohol, 
and  ether,  and  reduces  silver  and  platinum  salts.  Exposed  to  sunlight  (away  from 
air  contact)  it  polymerizes  to  trimesic  acid,  3C,H  .  CO^H  =  C,H,(CO,H),.  Sodium 
amalgam  converts  it  into  propionic  acid.  It  forms  /3-halogen  acrylic  acids  with 
the  halogen  acids  (p.  281)  (B.  19, 543),  and  with  the  halogens  yields  a,d-diha1ogen- 
acrylic  acids. 

The  ethyl  ester  hoils  at  119°.  With  ammoniacal  cuprous  chloride  it  unites  to  a 
stable  yellow-colored  compound.  Zinc  and  sulphuric  acid  reduce  it  to  ethyl  propar- 
gylic ester  (p.  136)  (B.  x8,  2271). 

Chlorpropiolic  Acid,  CClsC.CO,H,  and  Brompropiolic  Acid,  C^BrHO,, 
have  been  obtained  as  barium  salts  from  dichloracrylic  and  mucobromtc  acids, 
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C,H,C1,0,  and  CH,6r,0|.  lodopropioUc  Acid  is  obtained  by  sapoDifjring  hs  ethjl 
ester,  melting  at  68°.  It  melts  at  140°.  The  ethyl  ester  may  be  prepared  from  the 
Cu  derivative  of  propiolic  ester  (see  above)  by  the  action  of  iodine. 

The  three  acids  decompose  readily  into  carbon  dioxide  and  spon- 
taneously inflammable  chlaracetyleney  CC1  =  CH,  bramacetyUne  and 
iodoacetyUne.  The  addition  of  haloid  acids  leads  to  /9/9-dihalogen- 
acrylic  acids,  while  the  halogens  form  trihalogen-curylic  acids. 

Carbon  dioxide  converts  the  sodium  compounds  of  the  correspond- 
ing alkyl  acetylenes  into  the  following  homologues  of  propiolic  acid 
(B.  13,  853 ;  J.  pr.  Ch.  [2]  37,  417)  : 

M.  P.         B«  P* 
Tetrolic  Acid,  Methyl-acetylene 

Carboxylic  Acid CH,C  =  C.CO,H     76®         203® 

Ethyl  -  acetylene    Carboxylic 
Acid     CH,.CH,.C  =  C.CO,H    8o«  — 

n- Propyl -acetylene   Carbox- 
ylic Acid  CH,.CH,.CH,.C  =  C.CO,H    27^        125® 

Isopropyl-acetylene   Carbox-  (20  mm.) 

ylic  Acid (CH,),CH .  C  =  C .  CO,H    38<>        io7« 

n  -  Butyl  -  acetylene    Carbox-  (20  mm. ) 

ylic  Acid CH,.  [CH,],C  =  C.CO,H  liquid       1360 

(20  mm. ) 

Of  these,  Tetrolic  Acid  has  been  the  most  thoroughly  investigated,  and  is 
obtained  from  /?  chlorcrotonic  acid  and  /3-chlorisocrotonic  acid  when  these  are 
boiled  with  potash.  At  210^  the  acid  decomposes  into  CO,  and  allylene,  C,H^  (B. 
27,  R.  751).  Potassium  permanganate  oxidizes  it  to  acetic  and  oxalic  acids.  It 
combines  with  llCl  and  lIBr,  forming  /3-chIorcrotonic  acid  and  jS-hromcrotonic  acid 
(B.  22,  K.  51 ;  21,  R.  243).  With  bromine,  in  sunlight,  it  yields  dihromcvotonic  acid^ 
melting  at  120°,  whereas  in  the  dark  the  halogen  produces  a  dibrom-acid,  melting  at 
94°  (B.  28,  1877).  a/?/3-Trichlorbutyric  acid  (p.  276)  upon  the  loss  of  HCl  yields 
two  dichlorcrotonic  acids j  one  melting  at  75°  and  the  other  at  92®  f  B.  28,  26*-5). 
These  are  two  acids  which  are  produced  when  chlorine  acts  upon  tetrolic  acid 

Several  higher  homologues  of  propiolic  acid  have  been  prepared  by  the  action  of 
alcoholic  potash  upon  the  brom-addition  products  of  the  higher  oleBne  nionocarlx>xylic 
acids  (p.  278) ; 

Undecolic  Acid,  Ci^H^gO,,  obtained  from  undecylenic  acid  (p.  284).  fuses  at 
59.5°.  Stearolic  Acid,  CigH^^O.  (constitution,  see  p.  285),  is  obtaine<l  ifrom  oleic 
and  elaldic  acids.  It  melts  at  48°.  Behenolic  Acid,  C^^H^qO,  (constitution,  see 
p.  286),  from  the  bromides  of  erucic  and  brassidic  acids,  melts  at  57.  S^-  On  war  ii- 
Ing  the  last  two  acids  with  fuming  nitric  acid  they  yield  the  monobasic  acids :  stenr- 
oxvlic,  or  ^.lo-dioxysteaHc  acid,  CH3[CH,]7CO.  COrCH,]-C(),H,  melting  at  8  .*», 
axiA  hehmoxylic,  or  iT^.l/^dioxobehenic  and,  CH,[CH,]7CO  .  CO  .  [CII,]„CO,n, 
melting  at  96°  (B.  28,  276) 

Sulphuric  acid  converts  stearolic  acid  into  ketostearic  acid,  and  behenolic  acid  into 
ketobrassidic  acid  (B.  26,  1867),  whose  oximes  are  then  transposed  by  the  sulphuric 
acid  into  C^HpCO.  NK[CH2]gC02lI  (p.  285).  (Oxidation,  compare  emcic  and 
brassidic  acids,  p.  286.) 


D.  DIOLEFINE  CARBOXYLIC  ACIDS. 

.  Butdiine  Carboxylic  Acid,  CH, :  CH  .  CH  :  CHCO,H,  melting  at  I02*»,  is  formed, 
together  with  ethidene  propionic  acid  (p.  283),  by  the  reduction  oi  perckloHmUHtu 
carboxylic  acid f  CCI, :  CCl .  CCl :  CCl .  CO,H,  melting  at  97^,  tJi^  percklorhUine 
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carhoxyHc  acid^  CG, .  C  •  C .  CCl, .  CO.H,  melting  at  127°.  These  are  products  of 
decomposition  resulting  from  the  two  bexa-chlor-R-pentenes  upon  treatment  with 
mlkali  (B.  28,  1644). 

Sorbic  Acid,  CH,CH  :  CH  .  CH  :  CH .  CO,H,  is  obtained  from  sobinol,  a  lactone 
of  parasorbu  acid  (see  this),  occurring,  together  with  malic  acid,  in  the  juice  of  unripe 
mountain-ash  berries  (from  Sorbus  aucuparid)  (A.  zio,  129),  on  boiling  with  caustic 
soda,  or  with  hydrochloric  acid  (B.  27,  351).  Potassium  permanganate  oxidizes  it 
to  aldehyde  and  racemic  acid  (see  this),  which  establishes  the  constitution  of  the  acid 
(B,  23, 2377 ;  24,  85) : 

CH,.CH:CH.CH:CH.CO,H  +  H,0  +  40=CH,.CH0  +  CO,H.(CH,OH),.CO,H. 
Sorbic  Acid  Racemic  Acid. 

The  ethyl  ester  boils  at  195°.  Nascent  hydrogen  converts  the  acid  into  hydro- 
sorbic  acid. 

Diallylacetic  Acid,  (CH.  :  CH .  CH,),CH  .  CO,H,  is  obUined  from  ethyl  diallyl- 
aceto-acetate  and  diallyl  maionic  acid.  It  boils  at  227°.  Nitric  acid  oxidizes  it  to 
iricari>allylic  acid,  (CO,H  .  CH,),CHCO,H). 

Geranic  Acid  belongs  to  the  class  of  olefine  dicarboxylic  acids.  It  will  be  de- 
scribed together  with  the  olefine  terpene  bodies. 


IV.    DIHYDRIC    ALCOHOLS    OR    GLYCOLS,    AND 
THEIR   OXIDATION    PRODUCTS. 

The  monohydric  alcohols,  with  their  oxidation  products, — the  alde- 
hydes, the  ketones,  and  the  monocarboxylic  acids,  with  their  deriva- 
tives,— were  discussed  in  the  preceding  section. 

Closely  allied  to  these  are  the  dihydric  alcohols  or  glycols^  and  such 
compounds  as  may  be  considered  oxidation  products  of  the  glycols. 

The  glycols  are  derived  from  the  hydrocarbons  by  the  replacement 
of  two  hydrogen  atoms  attached  to  two  different  carbon  atoms  by  two 
hydroxyls.  In  the  case  of  the  monohydric  alcohols  we  distinguished 
three  classes — primary,  secondary,  and  tertiary  alcohols.  With  the 
gfycols  the  classes  are  twice  as  numerous.  The  compounds,  which  may 
be  considered  as  oxidation  products  of  the  glycols,  contain  either  two 
similar^  reactive,  atomic  groups — e.  g. : 

the  dialdehydes  (jfyoxal,  CHO.CHO), 

the  diketones  (diac€tyl,"Cli^ .  CO  .  CO .  CH,), 

the  dicarboxylic  acids  (oxalic  acid^  COOH  .  COOH), 
and  therefore  manifest  double  the  typical  properties  of  the  oxidation 
products  of  the  monohydric  alcohols — compounds  of  double  Junction  ; 
or  they  contain  two  different   reactive  atomic  groups  in  the  same 
molecule,  and   have,  therefore,  the   typical  properties  of  different 
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families  of  compounds.    The  following  bodies  have  such  a  mixed 

function  : 

Aldehyde  Alcohols  {Gfycofylaldehyde,  CH.OH.  CHO) 
Ketone  Alcohols  {Acetylcarbinol,  CH,OH  .  CO  .  CH,) 
Aldehyde  Ketones  {Pyroracemic  Aldehyde,  CH, .  CO  .  CHO) 
Alcohol  Acids  or  Oxyacids  (^Glycollic  Acid,  CH, .  OH .  COOH) 
Aldehydic  Acids  {Glyoxylic  Acid,  CHO .  CO,H) 
Ketonic  Acids  {Pyroracemic  Acid,  CH,CO .  COOH). 

Four  fiunilies — alcohok,  aldehydes,  ketones,  and  monocarbozylic  adds— occur 
with  the  monohydric  alcohols  and  their  oxidation  products,  while  in  the  case  of  the 
dihydric  alcohols  and  their  oxidation  products  ten  classes  of  derivatives  are  known. 
The  successive  series  in  which  these  ten  classes  will  be  discussed  readily  follow,  if 
their  systematic  interdependence  be  developed  similarly  to  that  of  the  univalent 
alcohols  and  their  oxidation  products. 

Monohydric  Alcohols  and  their  Oxidation  Products. 

4.  Monocarboxylic  Adds^ 


\a.  Primary  Alcohols, 
\b.  Secondary    *• 
\c.  Tertiary        " 


2.  Aldehydes, 

3.  Ketones; 


Dihydric  Alcohols  and  their  Oxidation  Products. 
itf.    Diprimary  Glycols,    211.  prim.  Ozyaldehydes, 

4.     Dialdehydes, 


CH, .  OH 

CH,.OH 
Glycol 


\b.    Prim.  sec.  Glycols, 


le.   Prim.  tert.  Glycols, 
\d,  Disecond.  Glycols, 

le.    Sec.  tert.  Glycols, 
I/.    Ditert.  Glycols. 


CHO 

CH,OH 
Glycolylaldehyde 

CHO 

CHO 
Glyoxal 

7.b,   sec.  Oxyaldehydes, 
yi.  prim.  Ozyketones, 

5.  Aldehydketones, 

2c.  tert.  Oxyaldehydes, 
3^.  sec.  Oxyketones, 

6.  Diketones, 

3^.   tert.  Oxyketones. 


7a.  prim.  Ozycarbozylic 
Adds, 

8.  Aldehydocarbozylic 

Adds, 
10.  Dicarboxylic  Adds, 
COOH 

CH, .  OH 
GlycoUic  Acid 

CO,H  COOH 

CHO  COOH 

Glyozylic  Acid  Oxalic  Acid 

lb.  sec.  Oxycarboxylic 
Acids, 

9.  Ketone  Carboxylic 

Acids, 
7^.  tert.  Oxyoubozylic 
Acids. 


The  dihydric  alcohols  and  their  oxidation  products  will  be  described 
and  discussed  in  the  following  order: 

1 .  Glycols,  Diacid  alcohols, 

2.  Oxyaldehydes,  Aldehyde  alcohols,     3.  Oxyketones,  Ketone  alco- 
hols, 

4.  Dialdehydes.     5.  Aldehyde  ketones.     6.  Diketones. 
7.  Oxyacids,  Alcohol  monocarboxylic  acids. 

'^,  Aldehyde  monocarboxylic  acids.    9.  Ketomonocarboxylic  acids. 
Di carboxylic  acids. 
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1 '  conditions  there  are  no  coinp>ounds  in 

.lin  but  one  carbon  atom  in  the  molecule. 

'th  its  exceedingly  numerous  derivatives 

he  dicarboxylic  acids — tht  cardom'c  acid 


■  >t  dibasic  acid ;  it  is  similar,  in  many  respects,  to  the 

.il  type  for  such  acids,  which,  like  it,  only  occur  in  an 

■  1,  the  simplest  acid,  showing,  at  one  and  the  same  time, 

•e  and  a  monocarboxylic  acid,  might,  for  the  very  same 

oetbre  glyoxylU  acid,  at  the  head  of  the  aldehyde  acids. 

'  )  place  formic  acid  at  the  head  of  the  fatty  acids,  because 

.lis  more  frequently  than  does  its  aldehyde  character. 


DIHYDRIC  ALCOHOLS  OR  GLYCOLS. 
A.    PARAFFIN  GLYCOLS. 

)  discovered  glycol,  and  thus  succeeded  in  filling  out 

en  the  monohydric  alcohols  and  the  triacid  alcohol, 

irtz  chose  the  name  glycol  to  indicate  the  relation  of  the 

1  alcohol  on  the  one  hand  and  glycerol  on  the  other. 

distinguished  as  a-,  ^-,  y*  ^->  etc.,  according  as  the  hy- 

attached  to  adjacent  carbon  atoms,  or  in  1.3-,  1.4-,  and 

.'^ns  respectively.      There  are    also    di primary,   primary- 

,  etc.,  glycols  (consult  p.  290).     The  Geneva  names  are  ob- 

»x  the  glycols  by  attaching  the  final  syllable  **diol  "  to  the 

the  parent  hydrocarbon. 

jIs  differ  from  the  monohydric  alcohols  just  as  the  oxyhydrates 

ilent  metals  differ  from  those  of  univalent  metals,  or  as  a  dibasic 

'om  a  monobasic  acid.  As  a  rule,  the  reactions  leading  from  the 

iiydric  alcohols  and  glycols  to  their  corresponding  derivatives 

ery  similar.     It  is  only  in  the  case  of  the  two  hydroxyl  groups 

he  glycols  that  they  are  able  to  successively  pass  to  completion, 

1  in  so  doing  they  give  rise  first  to  substances  which  still  show  the 

laracter  of  a  monohydric  alcohol.     Take  ethylene  glycol,  for  ex- 

tmple :  it  is  capable  of  forming  a  mono-  and  dialkali  glycollate,  cor- 

resfx>nding  to  the  alcoholates  of  the  monohydric  alcohols,  mono-  and 

ijiaikyl  ethers,  mono*  and  dihalogen  esters,  nitric  acid  esters  and 

esters  of  organic  acids,  e.  g, : 

CHj.OH         CH,.ONa  CH,.ONa         CHj.O.CjHj  CHj.O.CjH^ 

ciH^-OH  fcHj.OH  fcHj.ONa  fcH,.OH  iHj.O.CjHj 

Glycol  Monoaodium  Disodium  Glycol  Mono-ethyl  Glycol  Diethyl 

Glycollate  Glycollate  Ether  Ether 

CHj.a  CH,C1  CHj.O.COCHj  CHj.O.COCH, 

tHj.GH  tH,a  dlHj.OH  iHj.O.COCH, 

Gnrcol-  Etbyleqe  Glycol-monacetate  Glycol-diacetate. 

dilorbrdrin  Chloride 


-/ 
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) 


All  the  mono-compounds  also  manifest  the  character  of  monohydric 
alcohols ;  they  and  the  di-  compounds,  which  have  been  mentioned^ 
can  be  obtained  from  the  glycols  by  the  same  methods  as  the  corre- 
sponding transposition  products  of  the  monohydric  alcohols. 

The  sulphur-  and  nitrogen-containing  derivatives  of  the  glycok 
correspond  to  like  derivatives  of  the  monacid  alcohols : 


CH, .  SH 

tH, .  OH 
Monotbio-glycol 


CH, .  SH 

tn, .  SH 

Dithio-glycol 


CH, .  NH, 

tn-.OH 
Ozyetnylamine 


CHj.  NH| 

CH, .  ]^fH2 
Ethylene  Diamine. 


The  aldehydes  have  been  repeatedly  spoken  of  as  the  anhydrides  of 
diacid  alcohols,  in  which  the  two  hydroxyl  groups  are  joined  to  the 
sam^  carbon  atomy  and  which  can  only  exist  under  special  conditions. 
Yet,  the  ethers  or  acetals,  esters  and  other  derivatives  of  these  hypo- 
thetical compounds  are  stable.  These  bodies  are  naturally  isomeric 
with  the  corresponding  derivatives  of  the  diacid  alcohols,  in  which 
the  hydroxyls  are  attached  to  different  carbon  atoms.  The  following, 
for  example,  are  isomeric : 

CH,.O.C,Hj   Glycoldiethyl  Ether 
CH,  •  O.  C,Hg 


and 


CH, .  CH<Q  •  ^'|J»       Acetal 

CH, .  CH<^  •  S^S5»  Ethidene  Diacctate  and  9"j  •  ^  •  COCH,  ^jj      j  ^jj^ce^^te 
'         "-O.COCH,  CHj.O.COCH,      ^ 

CH, .  CH<^^    Aldehyde  Ammonia 


and 


CH,OH      Oxyethylaminc. 
CH,NH,  ^      ^ 


The  cyclic  derivatives  of  the  glycols  are  extremely  characteristic. 
Thus,  glycol  yields  two  cyclic  ethers: 

CH,  CH, .  O .  CH, 

I     '>0  Ethylene  Oxide         i     '  1,       Diethylene  Oxide, 

CH,  CH, .  O .  CH, 

and  also  sulphur-  and  nitrogen- compounds  corresponding  to  diethylene 
oxide : 


CH,.S.CH,  CH,.NH.CH, 

CH,.S.tH,  tH,.  O.    ("iH, 

Diethylene  Disulpnide        Diethyleneimide  Oxide 


CH, .  NH .  CH, 

tHj.NH.iH, 
Diethyleneimide. 


Methods  of  Formation. — The  first  three  methods  proceed  from  the 
defines,  and  lead,  according  to  the  constitution  of  the  latter,  to  glycols 
of  every  description. 

The  halogen  addition  products  of  the  defines — the  alkylen  haloids 
— may  be  regarded  as  the  haloid  acid  esters  of  the  glycols.  When 
these  are  acted  upon  by  alkalies,  with  the  purpose  of  exchanging 
hydroxyl  for  their  halogen,  they  split  off  a  halogen  hydride  and  pass 
first  into  raonohalogen  olefines  and  then  into  acetylenes.  It  was 
Wiirtz  who  observed  that  it  was  only  necessary  to  treat  the  alkylen 
haloids  with  acetates  in  order  to  reach  the  acetic  esters  of  the  glycols, 
uid  then,  by  saponification  with  alkalies,  to  obtain  the  glycols. 
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(i)  By  heating  the  alkylen  haloids  (p.  102)  with  silver  acetate  (and 
glacial  acetic  acid),  or  with  potassium  acetate  in  alcoholic  solution  : 

C,H  A  +  2C,H,0, .  Ag  =  C.H,<g ;  gj^jg  +  2AgL 

Ethylene  Diacetate. 

Inasmuch  as  the  alkylens  are  made  from  monohydric  alcohols  by 
the  withdrawal  of  water,  and  are  transformed  by  the  addition  of 
halogens  into  alkylen  haloids,  the  preceding  reaction  may  be  regarded 
as  a  method  of  converting  monohydric  alcohols  into  dihydric  alcohols 
or  glycols.  The  resulting  acetic  esters  are  purified  by  distillation,  and 
then  saponified  by  KOH  or  baryta  water : 

^"*<o:  §58  +  *^^"  =  ^«"*<OH  +  2C,HAK. 

A  direct  conyersion  of  alkylen  haloids  into  glycols  may  be  attained  by  heating 
them  with  water  (A.  x86,  293),  with  water  and  lead  oxide,  or  sodium  and  potassium 
carbonate. 

(2)  Another  procedure  consists  in  shaking  the  alkylens,  C„H,„,  with  aqueous 
hypochlorous  add,  and  afterward  decomposing  the  chlorhydrins  formed  with  moist 
siWer  oxide: 

C,H.  +  aOH  =  C.H.<g'H  ^ 
C,H.<^H  +  AgOH  =  C,H«<gg  +  Aga. 

(3)  By  the  oxidation  of  the  olefines  {a)  in  alkaline  solution  (p.  93,  Wagner,  B. 
ai,  1230)  with  potassium  permanganate;  (6)  with  hydrogen  peroxide.  Thus,  ethyl- 
ene yields  ^My^r^^r^i//  isobutylene,  uohttyUne glycol,  (CH,), .  C(OH)  .  CH, .  OH  : 


CH,  CH, .  OH 

+  0+H,0=| 
H,  CH, .  OH 


I 


(4)  By  the  action  of  nitrous  acid  on  diamines  (p.  166).  As  these 
diamines  can  be  obtained  from  the  corresponding  nitriles  of  dibasic 
acids,  and  the  nitriles  themselves  from  alkylen  haloids,  therefore  these 
reactions  not  only  ally  the  classes  of  derivatives  mentioned,  but  they 
afford  a  means  of  building  up  the  glycols : 

CHjBr                    CHjCN                 CH,.CH,.NH,  CH,.CH,OH 

CH,       >CH,      X:H,  ^CH, 

CH,Br  CHjCN  CH,.CH,.NH,  CH,CH,.OH 

TrimetDylcne  Trimetbylene  Peiita  methylene  Pentamethylene 

Bromide  Cyanide  Diamine  Glycol. 

(5)  Some  glycols  have  been  prepared  by  the  reduction  of  the  cor- 
"*5TX)nding  aldehydes  or  ketones ;  thus,  ay-butyiene  glycol  by  the  reduc- 

^f  aidol ;  ad'hexyiene giycoiixom  y-acetobutyl^aUohol'),  etc. 
cleus-synihetic  Methods » — (6)  Disecondary  glycols  are  produced 
eating  certain    aldehydes    with  alcoholic    potash,   when    two 
rde  molecules  are  reduced  to  a  disecondary  glycol,  and  one  is 
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oxidized  to  the  corresponding  carboxylic  acid  (B.  ag,  R.  350).     Iso- 
butyraldehyde  yielded  symmetrical  di-isopropyl  ethylene  gfycol : 

fCH  \  CH  CHOH 
3(CH,),CH .  CHO  +  KOH  =  (CH,), .  CHCOOK  +  (ch',)|cH  '.  eHOH. 

(7)  Ditertiary  glycols  result,  together  with  secondary  alcohols,  in 
the  reduction  of  ketones  Cp.  212).  In  this  manner  pi'nac(me  or  fefra- 
methyl-ethyl  glycol  (p.  296)  was  made  from  acetone  (Friedel) : 

.(CH,).CO  +  .H  =  (CH.)..COH 

Properties, — The  glycols  are  neutral,  thick  liquids,  holding,  as  far 
as  their  properties  are  concerned,  a  place  intermediate  between  the 
monohydric  alcohols  and  trihydric  glycerol.  The  solubility  of  a 
compound  in  water  increases  according  to  the  accumulation  of  OH 
groups  in  it,  and  it  will  be  correspondingly  less  soluble  in  alcohol, 
and  esijecially  in  ether.  There  will  be  also  an  appreciable  rise  in  the 
boiling  temperature,  while  the  body  acquires  at  the  same  time  a  sweet 
taste,  inasmuch  as  there  occurs  a  gradual  transition  from  the  hydro- 
carbons to  the  sugars.  In  accord  with  this,  the  glycols  have  a  sweetish 
taste,  are  very  easily  soluble  in  water,  slightly  soluble  in  ether,  and 
boil  much  higher  (about  100^)  than  the  corresponding  monohydric 
alcohols. 

Behavior. — (i)  With  dehydrating  agents,  see  alkylen  oxides: 
cyclic  esters  of  the  glycols.     2d  Method  of  formation,  page  298. 

(2)  Many  glycols,  when  oxidized,  especially  the  primary,  pass  into 
the  corresponding  oxidation  products;  see  ethylene  glycol;  others 
break  down  with  the  splitting-off  of  carbon  chains. 

(3)  Conduct  toward  the  haloid  acids,  nitric  acid,  concentrated 
sulphuric  acid,  acid  chlorides  and  acid  anhydrides;  see  esters  of  the 
glycols,  page  300. 

I.  Ethylene  Glycol,  [1.2-Ethandiol],  CH,OH .  CH,OH,  raelt- 
ing  at  — II. 5**,  boiling  at  197.5^,  with  a  specific  gravity  of  1.125^0**), 
is  miscible  with  water  and  alcohol.  Ether  dissolves  but  small  quanti- 
ties of  it. 

It  may  be  obtained  from  ethylene  through  ethylene  bromide  (ethy- 
lene chloride)  [general  method  of  formation,  p.  293]  or  by  direct 
oxidation,  and  also  from  ethylene  oxide  by  the  absorption  of  water : 

9"«>o  4-  H.O  =  ^"»  •  ^". 
CH,  CH,.OH 

Preparation. — Boil  1S8  grams  ethylene  bromide,  133  grams  K,CO,  and  I  liter  of 
water,  with  a  return  condenser,  until  all  the  ethylene  bromide  is  dissolved  (A.  19a, 
240  and  250).  It  would  be  more  advantageous  to  take  a  little  water  and  add 
ethylene  bromide  and  the  carbonate  in  portions,  filtering  from  time  to  time  from  the 
separated  potassium  bromide. 

Deportment. — (i)  On  heating  ethylene  glycol  with  zinc  chloride 


DIHYDRIC  ALCOHOLS  OR  GLYCOLS.  295 

water  is  eliminated  aud  acetaldehyde  (and  crotonaldehyde)  formed. 
(2)  Nitric  acid  oxidizes  glycol  to  glycolUc  acid  and  glyoxal,  glyoxylic 
acid  and  oxalic  acid.  The  first  oxidation  product,  glycolaldehyde 
(see  this),  is  further  oxidized  too  rapidly : 


CHj.OH  COOH  CHO  COOH  COOH 

tHj.OH  ^CH.OH  iHO  ^<!:H0  ^toOH 

Glycol  Glycollic  Acid  Glyoxal  (see  this)    Glyoxylic  Add  Oxalic  Acid. 

(3)  And  when  glycol  is  heated,  together  with  caustic  potash,  to 
250^,  it  is  oxidized  to  oxalic  acid  with  evolution  of  hydrogen. 

(4)  Heated  to  i6o®  with  concentrated  hydrochloric  acid,  ^^^^/fAiiw-- 
hydrin  results;  which  at  200^  is  converted  into  ethylene  chloride. 

(5)  The  latter  is  also  produced  when  PCI5  acts  upon  glycol. 
^6)  Nitric-sulphuric  acid  changes  glycol  to  glycol  dinitrate. 
7)  Concentrated  sulphuric  acid  and  glycol  yield  glycol  sulphate, 

(8)  The  acid  chlorides  or  acid  anhydrides  produce  mono-  and  di- 
esters  of  glycol. 


i 


Giyccilates  : 

OH 
Metallic  sodium  dissolves  in  glycol,  forming  sodium  glycollate,  ^^4<CoNa  *    ^^^ 

(at  170°)  disodium  glycollate,  (IH^(ONa),.      Both  are  white,  crystalline  bodies, 
regenerating  glycol  with  water.    The  alkylogens  convert  them  into  ethers. 

Paly  ethy  line  Gfycob  : 

Ethylene  oxide  absorbs  water  and  becomes  glycol.     The  latter  and  ethylene  oxide 
nnite  mt  lOO®  in  varying  proportions,  thus  yielding  the  polyethylene  glycob : 


c,h/ 


OH 


CjHp  +  C,H4(OH),  =  '      ^O    Diethylene  glycol,  b.  p.,  250®. 

.OH 
TiCjafi  +  C,H4<9„  =  C,Hy       Triethylene  glycol,  b.  p.,  aS,f>. 

c,h/ 


♦\OH, 

etc. 

The  polyglycols  are  thick  liquids,  with  high  boiling  points.  They  behave  like 
the  glycols.  Ether-acids  may  be  obtained  from  them  by  oxidation  with  dilute  nitric 
add;  thus  diglycoUic  acid  (see  this)  is  formed  from  diethylene  alcohol. 

a.  Propylene  Glycols,  C,H,(OH),. 

The  two  glycols  theoretically  possible  are  known.  Trimethylene 
glycol  [1.3-Propandiol],  CH,(OH).  CH,.  CH,(OH),  is  formed  from 
trimethylene  bromide  (B.  16,  393)  and  from  glycerol  in  the  schizo- 
myceteS'fermentation^  together  with  n-butyl  alcohol  (B.  20,  R.  706). 
Moderately  oxidized,  it  forms  i9-oxypropionic  acid  or  hydractylic  acid. 
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aPropylene  Glycol  [1.2-Propandiol],  CH, .  CH(OH) .  CH, .  - 
OH,  is  obtained  from  propylene  bromide  or  chloride.  It  is  most 
readily  prepared  by  distilling  glycerol  with  sodium  hydroxide  (B.  13, 
1805).  It  boils  at  i88®.  At  o®  its  specific  gravity  equals  1.05 1. 
Platinum  black  oxidizes  it  to  ordinary  lactic  acid.  Only  acetic  acid 
is  formed  when  chromic  acid  is  the  oxidizing  agent.  Concentrated 
hydriodic  acid  changes  it  to  isopropyl  alcohol  and  its  iodide.  It 
contains  an  asymmetric  carbon  atom,  and  when  exposed  to  the  action 
of  the  ferment  Bacterium  termo,  becomes  optically  active  (B.  14,  843). 

3.  Butylene  Glycols,  QH^COH),. 

Five  of  the  six  possible  butylene  glycols  are  known 

Tetramethylene  Glycol  [i.4.Butandiol],  CH,(OH) .  (CH,), .  CH, .  OH,  ob- 
tmined  from  tetramethylene-dinitramiDe  by  metos  of  salphuric  acid,  boils  at  202-203*' 
(B.  23.  R.  506). 

fl-Butylcne  Glycol.  CH, .  CH, .  CH(OH) .  CH, .  OH,  boils  at  I9i-i92«>. 

iSy-Butylcnc  Glycol,  CH, .  CH(OH) .  CH(OH)  .  CH,.  boils  at  i83-i84<». 

Isobutylene  Glycol,  (CH,), .  C(OH) .  CH, .  OH,  boils  at  lyd-iyS^. 

iS-Butylcnc  Glycol  [i.3.Butandiol].  CH,.CH(OH).CH,.  CH,.- 
OH,  boiling  at  207°,  is  formed  by  the  reduction  of  aldol. 

4.  Amylcnc  Glycols,  C;H,p(OH),. 

Pcntamcthylcne  Glycol,  CH,<^[J«  *  ^jj* '  ^JJ  ,  obtained  from  pcnu- 
methylene-diamine  by  the  4th  method  of  formation  (p.  293),  boils  at  260**. 

The  following  glycols  have  been  made  from  amylene  bromides: 

/?-Ainylcne  Glycol,  CH, .  CH, .  CH(OH) .  CH(OH) .  CH„  boils  at  187°. 
alsoamylcnc  Glycol,  (CH,),CH .  CH(OH) .  CH,(OH),  boils  at  206°. 
/J-Isoamylcnc  Glycol,  (CH,),C(OH) .  CH(OH) .  CH„  boils  at  177**. 
y-l8oamylenc  Glycol,    (CH,),C(OH)CH, .  CH,OH,  boils   at   2030  (B.   29, 
R.  92). 

{2.^-PeniaHdiol'\,  CH,CH(OH)CH,CHOHCH„  obtained  by  the  reduction  of 
acetyl-acetone,  boils  at  177**. 

y-Pentylene  Glycol,  CH, .  CH(OH) .  CH, .  CH, .  CH, .  OH,  is  formed  from 
aceto-propyl  alcohol,  by  reduction.  It  boils  at  219°,  and  partly  decomposes  into 
water  and  y-pentylene  oxide. 

Pentaglycol,  (CH,),C(CH,OH)„  melting  at  129^  and  boiling  at  lio<*,  is  pro- 
duced by  the  condensation  of  isobutyraldehyde  and  formaldehyde  by  lime. 

5,  Hezylene  Glycols,  C,H„(OH),. 

('-Hezylene  Glycol,  CH,.  CH(OH) .  (CH,), . CH,OH,  is  obtained  from  accto- 
butyl  alcohol  (see  this).  It  boils  at  235°  (under  710  mm.  pressure)  and  speedily 
passes  into  AhexyUne  oxide,     Hexam ethylene  Glycol,  HO[CH,]gOH  (B.  27, 

"7;R.735). 

Pinaconc,  Tetramcthyl-cthylene  Glycol,  (CH,), .  C(OH) .  C(OH) .  (CH,),  4- 

6H,0,  is  formed,  together  with  isopropyl  alcohol,  when  sodium  (B.  27,  454)   (see 

7th  method  of  formation,  p.  294)  acts  upon  aqueous  acetone.     It  crystallizes  from  its 

queous  solution  in  quadratic  plates  (hence  the  name,  from  rrivo^,  plate),  melting  at 

2°,  and  gradually  efflorescing  on  exposure.     In  the  anhydrous  state  it  melts  at  38° 

id  boils  at  1 71-172**. 

When  heated  with  dilute  sulphuric  or  hydrochloric  acid  pinacone  parts  with  one 
iolecule  of  water,  and  by  intramolecular  transposition,  htcomts ptnacolmtf  or  tertiary 
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hutyl-mithyl  ketone.  Its  isomeride ,  tetramethyl-eihyUru  oxide  (p.  299) ,  is  also  known. 
It  combines  readily  with  water,  yielding  pinacone. 

A  series  of  aliphatic  ketones  has  been  prepared  by  redaction  in  the  same  manner 
as  with  pinacone :  tetra-aikylized  ethylene  glycols  have  been  made.  It  is  customary 
to  designate  these  as  pinacones.  They  behave  just  like  pinacone  toward  dilute 
sulphuric  and  hydrochloric  acids. 

Di-isopropyl  Glycol,  [(CH,),CH  .  CH  .  OHI,,  melting  at  51. S^*  and  boiling  at 
222-223°,  has  been  prepared  from  isobutyraldehyde  by  method  6  (p.  293).  Isovaler- 
aldehyde  has  yielded  the  corresponding  dlsecondary  glycol,  and  a  mixture  of  isobutyl- 
and  isovaler-aldehyde  gave  a  mi xed  disecondaiy  glycol.  Methyl-n-propyl-ethyl ethylene 
glycol,  CH,(C^hJC(OH)CH(OH)C,Hj  (B.  ay,  R.  166). 


B.  UNSATURATED  GLYCOLS,  OLBFINB  GLYCOLS,  ACBTYLBNB  GLYCOLS. 

Unsaturated  diacid  alcohols  have  been  but  slightly  investigated.  The  simplest 
representatives  possible  theoretically  are  not  known,  and  probably  are  not  capable  of 
existing. 

See  p.  299,  upon  the  view  of  furfurane  as  an  oxide  of  an  unknown,  unsaturated 
glycol.     Also  consult  acetonyl  acetone  (see  this). 

Dipropiony],  dibutyryl,  and  di-isovaleryl  are  olefine  glycol  derivatives.  They 
resulted  from  the  action  of  metallic  sodium  upon  an  ethereal  solution  of  propionyl 
chloride,  butyryl  chloride,  and  isobutyryl  chloride.  They  are  esters  of  alkyl  acetyl- 
ene glycols  (Klinger  and  Schmitz,  B.  24,  1271 ;  B.  a8,  R.  looo). 

Dietkylacetylene  Glycol DipropUmate,  Dipropionyl,  ^« JJ» ' ^^  *  ???«!?»,  boils  at 

C^riy .  C .  CO  •  CgliM 
loS^{lo mm.).  I^i-n-propylacet^lene Glycol DihityratetDihutyryhQ^wy     g   qq   CH  ' 

boils  at  119-130^(12  mm.).  Di-iso^utyl Acetylene  Glycol Di-isovalerate,  Di-iaovBltTyi, 
(CH,), .  CH .  CH, .  C  —  OCOC4H,  ^^jjg  ^^  145-155^  (12  mm.).  Butyroln  and 
(CH,), .  CH .  CH, .  C  —  O .  COC^H,  '^o    do    \  i  / 

Isovaleroln,  the  corresponding  a-ketone  alcohols  (see  this),  are  produced,  and  not 
the  alkyl  acetylene  glycols,  when  these  three  compounds  are  saponified. 

Nexadi-indiol,  CH,(OH)C  i  C  —  C  :  C .  CH, .  OH,  melUng  at  1 1 1«,  itf  a  diacetyl- 
ene  glycol  It  is  formed  by  the  oxidation  of  the  precipitate  from  propargyl  alcohol 
and  ammoniacal  copric  chloride  with  potassium  ferricyanide  (Ch.  C.  1897,  i,  281). 


GLYCOL  DERIVATIVES. 

L  ALCOHOL  BTHBRS  OP  THB  GLYCOLS. 

A.  The  alcohol-etbers  are  obtained  from  the  metallic  glycollates  by  the  action  of 
the  alkyl  iodides. 

The  monoalkyl  ethers  of  the  glycok  arise  also  in  the  union  of  ethylene,  oxide  with 
alcohol : 

^^*<OH*  +  ^^'^  ~  ^*^  +  C,H^<^^^"8,  Glycol monoethyl  ether,  b.  p.  1270. 
^"*<On!1  +  2C,H4l=2NaI  -f  C,H^<^  *  ^2»,  Glycol  diethyl  ether,  b.  p.  1230. 

Hydriodic  acid  decomposes  the  neutral  ethers  into  alkyl  iodides  and  glycols  (B. 
96,  R.  719).  Glycol  itself  is  capable  in  various  ways  of  forming  ethers.  See 
phenol  for  the  phenyl  ethers. 
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The  polyethylene  alcohols  are  most  closely  related  to  the  alcohol  ethers.  They 
have  been  already  considered  after  ethylene  glycol  (p.  295).  Diethylene  glycol  sus- 
tains the  same  relation  to  glycol  as  ethyl  ether  bears  to  eUiyl  alcohol : 

0<rS' '  r 2'  *  oS'  Diethylene  Glycol  0<p5«  *  ?S*,  Ethyl  Ether, 

en, .  «^n, .  un  ^p.^^  ^^^^  ^^  Glycol).  *""« '  '^"t 

B.  Cyclic  Ethers  of  the  Glycols,  Alkylen  Oxides. 

By  assuming  the  exit  of  a  second  molecule  of  water  from  diethylene  glycol,  the 

first  ether  of  glycol,  there  arises  Diethylene  Oxide,  0<^g« '  cH*>0,  melting  at  9® 

and  boiling  at  102°;  a  polymeric  ethylene  oxide  (compare  polymeric  aldehydes), 
the  second  ether  of  glycol.  It  is  obtained  from  the  red,  crystalline  brom-  addition 
product  of  ethylene  oxide,  (C,H^O))Br,,  melting  at  65°  and  boiling  at  95°,  when  it  is 

treated  with  mercuric  oxide.     Ethylene  Methyl  Ether,  a„*  *  ^>CH,,  boiling  at  78**, 

is  obtained  from  trioxymethylene,  ethylene  glycol  and  ferric  chloride  (B.  28,  R.  109). 

CH     O 
Ethylene  Ethidene  Ether,  '^'Zr:>CYi  X^^,  boiling   at   82.5%  results  from  the 

union  of  ethylene  oxide  and  acetaldehyde.     It  is  isomeric  with  diethylene  oxide. 

CH 
The  latter  is  a  cyclic  double  ether.     But  ethylene  oxide,  AtT'>0,  the  third  ether  of 

glycol  (WUrtz),  is  the  simpler  cyclic  ether  of  glycol. 

The  simple  cyclic  ethers  of  the  glycols,  the  alkylen  oxides,  are  readily  produced 
in  various  ways,  depending  upon  whether  the  two  OH-groups  are  attached  to  adja- 
cent carbon  atoms  or  not.  Alkylen  oxides,  in  which  the  O-atoms  ar«  in  union  with 
adjacent  carbon  atoms,  are  termed  the  a-alkylen  oxides,  while  the  others  are  the  /?-, 
y-,  d-alkylen  oxides,  fi)  Ethylene  oxide  itself  and  the  ethylene  oxides,  as  well  as 
the  /9-alkylen  oxides  (tnmethylene  oxide),  are  prepared  by  the  action  of  caustic  potash 
upon  the  chlor-  or  brom-hydrins,  the  monohaloid  esters  of  the  respective  glycols : 

CH,.OH         ,_„       CH, 

CH,a         +  ^0«  =  CH,  >0  +  KG  +  H,0. 

« 

(2)  The  y-  and  <^-4dkylen  oxides  {y-pentyUne  oxide,  peniamethylene  oxide)  are 
formed  when  the  glycols  are  heated  with  sulphuric  acid  (B.  x8,  3285 ;  19,  2843) : 

.CH, .  CH,OH    „    _  yCH, .  CH,v 

CH,/  ^^'     >  CH  /  \0  +  H,0. 

^CH, .  CH,OH  ^X:H,  .  CH/ 

The  a-glycols,  under  like  treatment,  lose  water  and  yield  either  unsaturated 
alcohols,  aldehydes,  or  pinacolines,  depending  upon  their  constitution  (p.  214). 

The  ethylene  oxide  ring  is  easily  ruptured,  hence  ethylene  oxide  enters  into 
addition  reactions  quite  as  freely  as  its  isomeride  acetaJdehyde.  The  rings  of  tetra- 
and  pentamethylene  oxides,  however,  are  far  more  stable.  These  can  only  be  broken 
up  by  the  haloid  acids. 

CH 

Ethylene  Oxide,  ch">0»  boiling  at  12,5**,  sp.  gravity  0.898  (0°), 

isomeric  with  acetaldehyde,  CH,.CHO,  is  a  pleasantly  smelling, 
ethereal,  mobile  liquid,  with  a  neutral  reaction,  yet  able  to  gradually 
precipitate  metallic  hydroxides  from  many  metallic    salts  (Magn. 
nd  Refract.,  see  B.  26,  R.  497)  : 

CH  CH      OH  OH 

Mga,  +  a  ch;>0  +  2H,0  =  2  chIc,       +  M8<OH " 
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Ethylene  oxide  is  characterized  by  its  additive  power.  (l)  It  combines  with 
water  and  slowly  j'xti^  glycol,  (2)  Nascent  hydrogen  converts  it  into  ethyl  alcohol. 
(3)  The  halogen  hydrides  unite  with  it  to  form  halohydrins,  the  monohaloid  esters 
of  the  glycols.  (4,  a\  With  alcohol  it  yields  glycol  monoethyl  ether ;  {b)  with  glycol 
it  forms  diethylene  glycol ;  (c)  and  with  the  latter  it  combines  to  triethylene  glycol. 
(5)  It  forms  ethylene  ethidene  ether  (see  above)  with  aldehyde.  (6)  Acetic  acid 
and  ethylene  oxide  form  glycol  monacetate,  and  (7)  with  acetic  anhydride  the  product 
is  glycol  diacetate.  (8)  Sodium  bisulphite  changes  it  to  sodium  isethionate.  (q) 
Ammonia  changes  ethylene  oxide  to  oxethylandoe.  (lo)  With  hydrocyanic  acid  it 
forms  the  nitrile  of  ethylene  lactic  acid  or  hydracrylic  acid^  from  which  hydrochloric 
acid  produces  the  ethylene  lactic  acid  itself.  Caustic  potash  polymerizes  ethylene 
oxide  at  5o-6o<^  (B.  98,  R.  293). 

For  comparison,  the  following  additive-reactioDS  of  ethylene  oxide  and  aldehyde 
are  arranged  side  by  side : 

SO.HK         CH..OH  SO.HK    .     -„      _.^6H 

^  in, .  so,K  /  ^  ^"'  •  ^<so.K 

CH,         )    NH,     ^    CHj.OH        _  )    NH.  OH 

CH.CH  (CH,),Cn^ 

a- Propylene  Oxide,        '  •     >0,  boils  at  35®,  Isobutylene  Oxide,  ^         7,t/>0, 

CH]  CH| 

at  51-52®.  sy™*  Dimethyl-ethylene  Oxide  at  82** ;  trimethylethylene  oxide  at  75-76® ; 

tetrameihyl-ethyUne  oxide,  boiling  at  95-96®,  combines  with  water,  with  the  evolution 

of  much  heat,  and  yields  pinacone  (p.  29(5). 

Trimethylene  Oxide,  CH,<^g*>0,  boils  at  50®.     Preparation,  p.  205. 

CH     CH 
Tetrametkylene   Oxide,  Tetrahydro-furfurane,  1     * "       •>0,  boils  at  57®  (B. 

CH. .  CH. 

CH, .  CH(CH,) 
25,  R.  912).  y-Pentylene  Oxide,  ^^   CH  >^'  boils  at  77®  (p.  296 ;  B.  22, 2571). 

Pentamethylene  Oxide,   CH,<^2«  *  Ch!^^'  *^*^*  **  ^^"^  (®-  *7»  ^-  '97^" 

CH     CHrCH  V 
6'HexyUne  Oxide,  CH,<      '  *         2>0*   boiling  at  104®,  does  not  combine  with 

CH] .  CHj'"^   ' 

ammonia  (B.  x8,  3283). 

Addendum, — PuxiKirane  corresponds  to  tetramethylene  oxide.  It  may  be  con- 
sidered as  the  cyclic  ether  of  an  unknown,  unsaturated  glycol.  It  is  not  probable 
that  this  glycol  could  exist;  it  would  be  more  probable  that  it  would  rearrange  itself 
to  SQcdnuaidebyde,  and  this  in  turn  to  y*butyrolactone  (see  this) : 

CHj.CHjOH        CHj.CH,  CH  =  CHOH        CH  =  CH 

CHj.CHjOH        CHj.CH]  CH  =  CHOH        CH  =  CH    ^ 

Tetramethylene         Tetramethylene  Unknown  Furfurane. 

Glycol  Oxide 

Acetpropyl   alcohol,    furthermore,   has    yielded    i-methyldihydrofurfurane — ^the 
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alcohol  correspooding  to  it  would  very  prbbftbly  it  once  reanmnge  itself  into  acetyl- 
propyl  alcohol  (p.  52): 

CH,.CO.CH.  CH  =  C(OH).CH,  CH=C-CH, 

1  i  I  >o 

CH, .  CHjOH  CH,  —  CHjOH  CH,—  CH. 

Acetopropyl  Akobol  Unknown  i-Metbyldihydrorarliinuie. 

By  the  substitution  of  sulphur  and  again  of  the  NH-group  for  oxygen  in  furfurane 
the  products  are  thiofurfurane,  which,  from  its  remarkable  resemblance  to  benzene, 
has  been  called  Thiophene,  and  Pjrrrol. 

Notwithstanding  that  the  manner  of  union  in  the  rings  of  these  heterocyclic  com- 
pounds is  not  definitely  known,  it  n  possible  to  refer  many  bodies  to  them : 

CH  =  CH  CH  =  CH  CH  =  CH    ^,„ 

tH  =  CH>^  tH  =  CH>^  fcH  =  CH>'''^ 

Pnrfnrane  Thiophene  Pyrrol. 

All  of  them  contain  rings,  and  they  will  be  discussed  later  in  conjunction  with 
related  classes  of  heterocyclic  derivatives. 


X  BSTBRS  OP  THB  DIHYDRIC  ALCOHOLS  OR  GLYCOLS. 

A.  Esters  of  Inorganic  Acids. 

{a)  Haloid  Esters  of  the  Glycols. — The  glycols  and  monobasic  adds  yield  neutral 
and  basic  esters.  The  dihalogen  substitution  products  of  the  paraffins  are  the  neutral 
or  secondary  haloid  esters  of  the  glycols.  The  halogen  atoms  in  them  are  attached 
to  different  carbon  atoms.  They  are  isomeric  with  Sie  aldehyde  haloids  (p.  201)  and 
the  kitcnt  haloids  (p.  216),  having  an  equally  large  carbon  content : 

CHjCl  CH,a  CHCl,  CH, 

ina    "*      tn,         are  isomeric  with    tn,      and  tci, 

in,  bH,a  tn,  tn. 

Propylene       Trimethylene  Propidene     Chloracetol 

Chloride  Chloride  Chloride  (p.  ai?)* 

(p.  aoi) 

The  basic  or  primary  haloid  esters  of  the  glycols  are  the  halohydrins.  These  are 
obtained : 

(1)  When  the  glycols  are  treated  with  hydrochloric  and  hydrobromic  acids: 

^"«<OH  +  HCl  =  c,H«<a"  +  "»°- 

When  heated  with  HI, a  more  extensive  reaction  occurs.  Ethyl  iodide  (p.  142)  is 
obtained  from  ethylene  glycol. 

(2)  They  can  be  obtained,  too,  by  the  direct  addition  of  hypochlorous  acid  to  the 
alkylens  (B.  18,  I767,  2287)  : 

CH,  CH,OH 

11  +  CIOH  =  I 

C(CH,),  C(CH,),a. 

(3)  By  the  action  of  haloid  acids  upon  ethylene  oxide  and  its  homologues : 

CH,    _  CH,.OH 
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Glycokhlorhydriny  Ethylene  chlorhydrin,  CH,C1.  CH,OH,  boils  at  128°. 

Glycolbromhydrin  boils  at  I47**.  Trinuthylene glycolchlorhydrin^  CH,C1 .  CH, .  - 
CH,OH,  boiling  at  160°,  is  obtained  by  means  of  HCl  firom  trimethylene  glycol. 
ii' Propylene  glycol  achlorhydrin^  CH..  CHfOH)CH,Cl,  boiling  at  I27<»,  b  prepared 
from  allyl  chloride  by  the  action  of  dilute  sulphuric  acid,  a- Propylene  glycol-^-cAlor- 
hydrin^  CH,.  CHQ .  CH,OH,  boiling  at  127°,  is  formed  when  ClOH  adds  itself  to 
propylene.  Isobutylene  glycol- fichlorkydrin,  CI .  C(CH,), .  CH.OH,  boils  at  128- 
130°.  Ethyl  chlor-eiherf  fi-eth<fxy'a'chlorbutane,  homng  at  141°,  is  formed  by  the 
interaction  o(  a^P-dichloretker  and  zinc  ethide  (B.  a8,  31 11). 

The  primary  haloid  esters  can  also  be  considered  as  substitution  products  of  the 
monohydric  alcohols.  Glycol  chlorhydrin  would  be  chlor-ethyl  alcohol,  (i)  Nas- 
cent hydrogen  converts  them  into  primary  alcohols.  (2)  Oxidizing  agents  convert 
them  into  halogen  fatty  acids,  e.  g.^  glycol  chlorhydrin  yields  monochloracetic  acid; 
trimethylene-glycol  chlorhydrin  yields  ^-chlorpropionic  acid;  a-propylene  glycol-/?- 
chlorbydrin  yields  achJorpropionic  acid^  and  isobutylene  glycol-p-chlorhydrm  yields 
a-cklorisobutyrie  acid.  (3)  They  change  to  alkylen  oxides  under  the  influence  of 
alkalies.  (4)  Basic  esters  of  the  glycols  are  produced  when  they  combine  with  salts 
of  organic  acids;  e.g,y  glycol  chlorhydrin  and  potassium  acetate  yield  ^^r^/  mono- 
acetate^  CH, .  CCX) .  CH, .  CH,OH.  (5)  Potassium  cyanide  changes  them  to  nitriles 
of  the  oxyacids. 

Neutral  Haloid  Esters  of  the  Glycols  are  very  important  starting- 
points  in  the  preparation  of  the  glycols;  compare  methods  i  and  4 
for  the  formation  of  glycols,  p.  293. 

Methods  of  Formation, — (i)  By  the  addition  of  halogens  to  the 
olefines — e,  g.^  ethylene — ethylene  chloride,  bromide  and  iodide 
result : 

CH,  CH,a       CH,  CH,Br     CH,  CH,I 

I     '+  CL  =  I  .     B      '  4.  Br,  =  I  ;    n      '  +  I,  =  I         . 

CH,        ^       CH,a  •    CH,  CH,Br     CH,  CH,I 

(2)  By  the  substitution  of  paraffins  and  monohalogen  paraffins : 

CH,         ^^  CH,C1  ci,  CH,C1 

(3)  By  the  addition  of  halogen  hydrides  to  monohalogen  olefines. 
In  this  instance  much  will  depend  on  the  temperature,  concentration, 
and  other  conditions,  as  to  whether  both  or  only  one  of  the  two 
possible  isomerides  is  formed : 

CHBr,  diLHBr ^^^  Cone.  H  Br.        CRfir 

tn,        -^ <iH,        5-     tH,Br- 

(4)  By  the  action  of  HCl,  HBr  or  HI  upon  glycols  and  glycol 
chlorhydrins.  The  second  OH  will  be  replaced  with  more  difficulty, 
and  at  a  higher  temperature,  than  the  first. 

i5^  When  PCI5  acts  upon  glycols. 
6)  From  bromides,  iodides  can  be  obtained  by  KI,  and  chlorides  by  means  of 
HgCl,. 

Properties. — ^The  simple  dichlor-  and  dibrom-esters  of  the  glycols, 
or  olefine  dichlorides  and  dibromides,  volatilize  without  decora- 
position.     The  di-iodides  decompose  readily  in  the  light,  and  when 


disdikd  break  down  into  olefioes  and  iodine    The  ethjicne  dihaloids 
have  a  very  pleasant  odor. 

Tramsformatioms. — (ij  The  dihalogen  paraffins  aic  converted  into 
olefincs  bj  aodiom : 

Cll,a  CHO,  CH, 


CH,< 


,a  CH,  CH, 

The  |nwl«ciim  of  triautijteme  from  traBctkjkoe  fanMiide  and 

wilcvDctliy : 

™«<cK  +  *^»  =  ^^<^      +2N«Br. 

(2)  Nascent  hydrogen  converts  both  di-  and  mono-halogen  paraffins 
into  paraffins.  This  is  the  reveise  of  sobstitntion — retrogressive  sudstt- 
iution  (p.  loi). 

(3)  When  digested  with  alcoholic  potash,  a  halogen  hydride  splits 
off,  and  monohalogen  olefines  and  acetylenes  result  (p.  95). 

(4)  Suitable  reagents  change  dihalogen  paraffins  into  the  corre> 
sponding  glycols  (p.  293)  or  their  esters. 

(5)  Ammonia  produces  alkylen  diamines. 

(6)  PoUisiiim  cymnide  oooveits  them  into  the  nitiilcs  of  mooohalogen  acids,  and  the 
nitriles  of  dicarboxylic  acids.  These  are  classes  of  bodies  whose  connection  with  the 
glycols  js  indicated  by  the  dihalogen  paraffins : 


CH,  CHjBr 

CH,  CH,Br 


CHj.OH 

in,.  OH 


CHj.CN  CHj.COOH 

■^^iHj.CN  ^(IHj.COOH 

Ethylene  Ethylene 

Cyanide  Socdnic  Acid. 


Ethylene  Haloids— ^^AxyX^ti^  ZYAotiA^,  Elay I  Chloride,  Oil  of  the 
Dutch  chemists,  CH,C1 .  CH,C1,  boiling  at  84^,  can  be  prepared  (A. 
94.  245)  by  conducting  ethylene  into  a  gently  heated  mixture  of  2  parts 
o»  manganese  dioxide,  3  parts  of  salt,  4  parts  of  water  and  5  parts 
of  sulphuric  acid.  It  is  insoluble  in  water,  has  an  agreeable  odor, 
sweet  taste,  and  the  sp.  gr.  1.2808  (at  4**). 

Ethylene  Bromide,  CH,Br .  CH,Br,  melting  at  +  9**  and  boiling 
at  131^,  is  formed  when  ethylene  is  introduced  into  bromine,  contained 
wide  condenser  bent  at  right  angles,  and  covered  with  a  layer  of 
(A.  168,  64).  It  is  also  produced  when  ethyl  bromide,  bro- 
id  iron  wire  are  heated  to  100^  (B.  24,  4249). 
ylene  Iodide,  CHJ .  CHJ,  melting  at  81°,  is  formed  on  con- 
\  ethylene  into  a  paste  of  iodine  and  ethyl  alcohol  (J.  1864, 
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History  of  the  Alkylen  Haloids. — Tbe  four  Datch  chemists,  Deiman,  Paets  van 
Troostwyk,  Bondt  and  Lauwerenburgh,  while  studying  the  action  of  chlorine  upon 
ethylene,  first  obtained  ethylene  chloride  in  1795  ^  ^^  oil-forming  reaction  product. 
Hence  they  called  ethylene  **gas  huileux,"  oily  gas ^  a  name  which  Fourcroy  altered 
to  "gasolefiant,"  ** oil-forming  gas**  (see  Roscoe  and  Schorlemmer,  Org.  Ch.,  x, 
647).  This  phrase  subsequently  gave  the  name  "  olefines**  to  the  series.  Balard, 
the  discorerer  of  bromine,  obtained  ethylene  bromide  in  1826  on  allowing  bromine  to 
act  upon  ethylene  (A.  chim.  phys.  [2]  3a,  375).  Faraday,  in  1 821,  prepared  ethylene 
iodide  by  acting  on  ethylene  with  iodine  in  sunlight. 

Propylene  Haloids. — 1.2-Dihalogen  propanesy  CH3.CHX.  CH,X,  and  Tri- 
methylene  Haloids,  x.yDihalogen  propanes,  CH,X .  CH,CH.X.  The  propylene 
haloids  axe  produced  by  the  addition  of  the  halogens  to  propylene,  and  of  halogen 
hydrides  to  allyl  haloids  at  100°.  Tnmethylene  bromide  results  from  allyl  bromide 
and  hydrogen  bromide  at  — 20^.  HgCl,  and  KI  convert  the  bromide  into  the  chloride 
and  tnmethylene  iodide. 

Propylene  chloride, b.  p.,  97^ ;   Tnmethylene  chloride,  b.  p.,  1x9°. 
"         bromide,    «•    141'';  ««  bromide.      "     i65*>. 

•<         iodide  decomposes;  *'  iodide  decomposes. 

Hii^her  Homologous  Polsrmethylene  Bromides  (J.  pr.  Ch.  [2]  39,  542 ; 
B.  27,  R.  735). 

Tetramethylme  Bromide^  1.4-Dibrombutane,  CH,Br[CH-],CH,Br,  boils  at  l89*>. 

Pentamethylefu  Bromide^  1. 5-Dibrompentane,  CH,Br[CH  J,CH^r,  boils  at  205*'. 

HexamethyUne  Bromide,  Z.6-Dibromhexane,  CH,Br[CH,j4CH,Br,  boils  at  243''. 
Sodium  converts  these  compounds  into  cycloparaffins,  just  as  sodium  and  tri- 
methylene  bromide  yield  trimethylene.  Sodium  malonic  esters,  sodium  acetoacetic 
esters,  and  pol3rmethylene  bromides  produce  cycloparafBn  carboxylic  esters  (see  these). 
Mixed,  neutrd  haloid  esters  of  the  glycols,  containing  two  different  halogen  atoms, 
•re  also  known. 

Ethylene  Nitrate,  C^H^^O .  NO,),,  is  produced  on  heating  ethylene  iodide  with 
silver  nitrate  in  alcoholic  solution,  or  by  dissolving  glycol  in  a  mixture  of  concen- 
trated sulphuric  and  nitric  acids : 

CjHiCOH),  -f  2NO, .  OH  =  C,H4(0 .  NO,),  +  2H,0. 

nUs  reaction  is  characteristic  of  all  hydroxy  I  compounds  (the  polyhydric  alcohols 
and polyhydrie  acids)  ;  the  hydrogen  of  hydroxyl  is  replaced  by  the  NO^group, 

The  nitrate  is  a  yellowish  liquid,  insoluble  in  water,  and  has  a  specific  gravity  of 

1.483  at  8^.      It  explodes  when  heated  flike  the  so-called  nitroglycerol).      The 

alkalies  smonify  the  esters  with  formation  of  nitric  acid  and  glycol. 

OH 
Glycol  or  Ethylene- hydroxy- sulphuric  Acid,  C,H4<Q   cq    q^>  is  produced 

on  heating  glycol  with  sulphuric  acid.  It  is  perfectly  similar  to  ethyl  sulphuric  acid 
(p.  145),  and  decomposes,  when  boiled  with  water  or  alkalies,  into  glycol  and  sul- 
phuric acid. 

B.  Esters  of  Carbonic  Acids. 

In  studying  the  fatty  acids  we  learned  the  method  of  forming  esters  with  mono- 
hydxic  alcohols.  The  same  methods  serve  for  the  production  of  esters  of  the  fatty 
adds  with  dihydric  alcohols  or  glycols. 

(i)  From  the  haloid  esters  of  the  glycols:  halohydrins  and  alkylen  haloids  with 
£iUty-add  salts : 

CH,.OH         ^  CH,.OH  „_ 

I    *  -fCH,.CO,K=  I    '        -f  Ka. 

(iHjCl         ^        "        '  CHj.OCOCH,  ^ 

(2)  From  glycols  by  means  of  free  acids,  acid  chlorides  or  acid  anhydrides. 
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(3)  There  ilio  remains  that  ester  formatioD  resoltiiig  from  the  aiMttinn  of  acids 
and  acid  anhydrides  to  alkylen  oxides,  just  as  acid  anhydrides  add  themielfcs  to 
aldehydes : 

CH,    ^       _„  CHj.O.COCH, 

i„;>0  +  (C^H,0),0  =  ^„;^  ^^^; 

CH, .  CHO  +  (C,H,0),0  =  CH, .  CH  (OCOCH,)^ 

Glycol  Mono-aceute,  C,H«<q^^^>^,  boils  at  i82<>,  and  u  misdble  with 

water. 

If  hydrochloric  acid  gas  be  conducted  into  the  wanned  solution,  glycol  cUor- 

acetin,  C,H^<^j-  ^«"»^,  or  chlorinated  acetic  ethyl  ester,  CH,a .  CH, .  O .  C;H,0, 

is  produced.     This  boils  at  144°. 

Glycol  Diacetate,  C^H^CO.  C,H,0),,  is  a  liquid  of  specific  gravity  1. 128  at  o^, 
and  boiling  at  186°.     It  is  soluble  in  7  parts  of  water. 

a-Propylffte  Glycol  Diacetate,  CH, .  C,H,(0 .  COCH,),,  boils  at  l86*».  7H- 
mefhylene  Glycol  Diacetate,  (CH,),(C)COCH,)„  boils  at  210°. 

The  formation  of  the  acid  esters  is  well  suited  for  the  detection  and  determination 
of  the  number  of  hydruxyl  groups  in  the  polyhydric  alcohols,  the  sugars  and  the 
phenob.  Benzoic  ester  particularly  is  especially  easy  to  prepare.  It  is  only  neces- 
sar>'  to  shake  up  the  substance  with  l)enzoyl  chloride  and  sodium  hydrate  in  order  to 
benzoylize  all  the  hydroxyls  (B.  az,  2744;  22,  R.  668,  817).  The  formation  of  the 
nitric  acid  ester  is  also  well  adapted  for  the  purpose.  See  glycol  dinitrate,  p.  303, 
and  also  the  cnrhamic  ester  resulting  from  the  action  of  the  isocyanic  ester  (see  this), 
and  especially  of  the  phenyl  isocyanic  ester  (see  this). 

For  carbonic  esters  of  unsaturated  glycols,  see  p.  297. 


8.  THIOCOMPOUNDS  OP  ETHYLENE  GLYCOL. 

Compare  the  sulphur  derivatives  of  the  monohydric  alcohob  (p.  147),  the  alde- 
hydes (p.  202),  and  the  ketones  (p.  218). 

A.  Mercaptans. 

The  mercaptans  corresponding  to  ethylene  glycol  are  formed  on  treating  mono- 

chlorhydrin  and  ethylene  bromide  with  potassium  sulphydrate. 

SH 
The  Monothioethylene  Glycol,  ^^^C^t\Yr>  yields  isethionic  acid  (p.  306)  when 

treated  with  nitric  acid. 

SH 
Dithioglycol  Ethylene  Thiohydrate,  C2H4<^w|,  glycol  mercaptan.     The  odor 

of  this  compound  is  something  like  that  of  mercaptan.  It  boils  at  146° ;  its  specific 
gravity  is  1. 12.  Insoluble  in  water,  it  dissolves  in  alcohol  and  ether.  It  shows  the 
reactions  of  a  mercaptan  (B.  20,  461). 

B.  Sulphides. 

(/i)  Alky]  ethers  of  the  Ethylene  Mercaptans :  Oxethy I- ethylene  Suifkide,  CH,  .  . 
CH,  .  S  .  CH, .  CHjOH,  boils  at  184°.  Ethylene  Dimethyl  Sulphide,  CH,S .  CH, .  - 
ClljSCH,.  l)oils  at  1830.     Ethylene  Diethyl  Sulphide  boils  at  188°. 

(f>)  I'invla/kyl  Ethers  0/  Ethylene  Mercaptan  or  Sulphuranes:  Vinyl-ethyl- 
ethylene  mercaptan,  CI  I, :  CH  .  S .  CH, .  CH, .  S .  C,!!^,  boils  at  214^  For  its 
formation,  see  the  sul/^hine  compounds,  which  are  treated  later  on. 

(c)  Thiodiglycol,  HO  .  CH, .  CH,SCH,CH,OH,  corresponding  to  diglycol,  is 
also  known  (B.  19,  3^59).     Ho  a  ever,  the  simple  ethylene  sulphide,  cocie^KNidiDg  to 
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ethylene  oxide,  is  not  known,  while  DUthylene  Oxide  Suiphone^  ^"^CH*— CH*^  ^^«» 

corresponding  to  diethylene  oxysnlphide,  tnd  melting  at  130°,  as  well  as  Diethylene 
Disulphide,  are  known. 

{d)  Cyclic  Sulphides :  Diethylene  Disulphide,  S<^^>;;;;^^>>S,  melting  at 

112°  and  boiling  at  200^,  is  formed  from  ethylene  mercapitan,  ethylene  bromide, 
and  sodiam  ethylate.  When  ethylene  bromide  is  digested  wiUi  alcoholic  sodium 
sulphide,  a  polymeric  ethylene  sulphide,  (C^H^S)  ,  melting  at  145°,  is  produced  at 
first.  This  is  a  white,  amorphous  powder,  insoluble  in  the  ordinary  solvents.  Pro- 
tracted boiling  with  phenol  changes  it  to  diethylene  disulphide  (A.  240,  305  ;  B.  zg, 
3263 ;  20,  25^7). 

{e)  Ethylene  Mercaptals  and  Ethylene  Mercapiols  are  similarly  produced  from 
ethylene  mercaptan  by  the  action  of  aldehydes,  ketones,  and  HCI,  just  as  the  mer- 
captab  (p.  218)  and  the  mercaptob  (p.  204)  are  obtained  from  mercaptans  (B.  2z, 

1473)- 

CH  S 
Bthylene-dithioethidene,   1    '  >CH .  CH„  boils  at  173®. 

C.  Diethylene  Tetrasulphide,  C,H4<^>C,H4,  is  produced  by  the  action  of 

the  halogens  upon  ethylene  thiohydrate  (or  sulphuryl  chloride  or  hydroxylamine. 
It  is  a  white,  amorphous  powder,  melting  at  150°  (B.  21,  1470). 

D.  Sulphine  Derivatives. 

Ethyl  iodide  and  diethylene  disulphide  unite  to  sulphiniodide,  (C.H.S),C,H.I. 

CH,.S.C,H. 
Ethyl  Sulphurane,   i  ,  is  produced  on  distilling  this  iodide  with 

Coj .  S .  C|H. 

sodium  hydroxide.    The  closed  ring  of  diethylene  disulphide  is  broken. 

The  union  of  the  derivatives  of  diethylene  disulphide  with  the  higher  alkyl  iodides 

yields  homologous  compounds  known  as  sulphuranes.    They  are  the  alkyl  vinyl 

ethers  of  thioeihylene  (B.  20,  2967 ;  A.  240,  305). 

E.  Sulphones. 

The  disnlphones  are  produced  when  the  open  and  the  cyclic  disulphides  are 
oxidized  by  potassium  permanganate.  All  sulphones,  in  which  sulphone  groups  are 
attached  to  two  adjacent  carbon  atoms,  can  be  saponified  (Stuffer*s  law,  B.  26,  1125). 

{a)  Open  Sulphones :  Ethylene-diethylsulphone,  T  '  *,  has   been 

Crij .  SO} .  C|H|^ 

obtained  (l)  from  ethylene  dithioethyl;  (2)  from  ethylene  bromide  by  the  action  of 

2  molecules  of  sodium  ethyl  sulphinate,  and  (3)  from  sodium  ethylene  disulphinate 

by  the  action  of  2  molecules  of  ethyl  bromide.    The  sexivalence  of  sulphur  in  the 

sulphones  is  thus  proved  (B.  2Z,  R.  102).     It  yields  colorless  needles,  melting  at 

CH, .  SO, 
{b)  Cyclic  Sulphones :  Trimethylene  Disulphone,  1        cr^^>^^^»    ™*'^    ^ 

CH, .  SO, 

ao4-205*». 

SO 
Diethylene  Disulphone,  C,H4<|q»>C,H^  (B.  26,  1124;  27,  3043),  results 

from  the  oxidation  of  diethylene  disulphide. 

F.  Solphone-sulphinic  Acids  and  Disulphinic  Acids. 
Oxethylsulphone methylenesulphinic  Acid,  HO .  CH, .  CH, .  SO, .  CH,  .  SO .  OH, 

is  a  symp-Iike  mass.  Its  barium  salt  is  formed  when  trimethylene  disulphone  is  de- 
composed by  baryta  water.  When  the  solution  is  evaporated  below  40^,  a  cyclic  ester 
results,  which  recalls  the  lactones,  the  cyclic  esters  of  the  oxycarboxylic  adds : 

CH, .  O .  SO, 

OxeAylsuipkomethyUm  Sulphinic  Lactone,  1  ct^>^^v  ^^^^  *^  1^4°  (S* 

CH, .  O .  SO, 

26 
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CHj.SO.OH 
37,  3043).    Ethylene  DUulphmie  Aeid^  1  f  is  formed  by  the  reduction  of 

CeTj  .  SO  >  On 
ethylene  disulphonic  acid  (p.  307). 

G.  Sulphonic  Acids. 

CH    OH 

Isethionic  Acid,  ^j/  coh'   ^*^y^^^  Hydrinsulphotuc   Acid^ 

Oxyethylsulphonic  Acid,  is  isomeric  with  ethyl  sulphuric  acid,  SO4H 
(CjHj),  and  is  produced  (i)  by  oxidizing  monothioethylene  glycol 
with  HNO,;  (2)  by  the  action  of  nitrous  acid  upon  taurine  or  amido- 
isethionic  acid  (compare  formation  of  glycoUic  acid  from  glycocoll, 
p.  000) : 

^"*<SoIk  +  N^«"  =^"*<SO,H  +  N,  +  H,0; 

(3)  by  heating  ethylene  chlorhydrin  with  potassium  sulphite ;  (4)  by 
boiling  ethionic  acid  (p.  307)  with  water;  (5)  from  ethylene  oxide 
and  potassium  bisulphite. 

Isethionic  acid  is  a  thick  liquid,  which  solidifies  when  allowed  to  stand  over  sul- 
phuric acid.     Its  salts  are  very  stable  and  crystallize  well. 

The  barium  salt  is  anhydrous.  The  ammonium  salt  forms  plates,  which  fuse  at 
135°,  and  at  210-220°  it  changes  to  the  ammonium  salt  of  di-isethionic  acid,  0(CH2 .  - 
CHjSOjNHJ,  (B.  14,  65).  Ethyl  isethimate  boils  at  120°  (see  B.  15,  947)- 
Chromic  acid  oxidizes  the  isethionic  acid  to  sulpho-acetic  acid. 

CI 

PClg  converts  the  acid  or  its  salts  into  the  chloride,  ^^4*^30    CI*  ^  '^^°^^'  boiltog 

at  200*^.  When  it  is  boiled  with  water  it  is  converted  into  chlorethyl-sulphonic  acid, 
CHjCl .  CH, .  SO,H  (A.  223,  212). 

Taurine,  Amidoisethionic  Acid^  Amidoethyl  Sulphonic  Acid^ 
CH,NH,  CH,.NH,  ,^.  ,    ,      ^       ,.      .        «  .  ,1 

dn  SOH  ^^  tB.  so^  ^^^^^^  ^  Gmelm  m  1824;  its  sulphur 
content,  which  had  previously  been  overlooked,  was  detected  in  1846 
by  Redtenbacher).  It  is  considered  in  this  connection  because  of  its 
intimate  relationship  to  isethionic  and  chlorethylene  sulphonic  acids. 
It  occurs  as  taurocholic  acid,  in  combination  with  cholic  acid,  in  the 
bile  of  oxen  (hence  the  name — ravpoq,  ox)  and  many  other  animals, 
and  also  in  the  different  animal  secretions. 

It  is  formed  when  taurocholic  acid  is  decomposed  with  hydro- 
chloric acid : 

CH..NH(C^H„0.)  HCI     .     CH,.NH,      ,   f,  „  - 

tH^O,H  HiO->"  tn, .  SO.H   +  ^"""' 

Taurocholic  Acid  Taurine  Cholic  Acid. 

It  can  be  artificially  prepared  by  heating  chlorethyl  sulphonic  acid^ 
CH,C1 .  CH) .  SO,H,  with  aqueous  ammonia  (Kolbe,  1862,  A.  Z23, 

33)- 

'his  synthesis  presupposes  that  of  ethylene  or  ethyl  alcohol  (p.  119).  Both  bodies 
'ne  with  SO,  to  carbyl  sulphate y  a  derivative  of  isethionic  acid.  The  following 
m  shows  the  course  of  th^  synthesis : 
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CH, .  OH    aSO,       CH, .  OSO, 
tn,  tHj.SO,  ^ 

Akohol  Carbyl  Sulphate ' 


OH 


H»0  .    ^H, .  O .  SO,H    HtO  .    ^^1  - 

^"^^^^^^  CH,SO,H  Hot  ^  t H, .  bu,  n 

EthioQic  Acid  Isethioaic  Add 


Cold 


aPCl* 


CHj.a 

tHjSGjCl 


HtO 


cHj.a 


NHi 


Chlorethyl  Sul- 
phoolc  Chloride 


CH, .  SO,OH 

Chlorethyl  Sulphonic 

Acid 


CHj.NH, 
tn, .  SO,H 

Taurine. 


Taurine  also  results  when  vinylamine  is  eTaporated  together  with  sulphuroos  acid. 

Taurine  crystallizes  in  large,  monoclinic  prisms,  insoluble  in  alcohol, 
but  readily  dissolved  by  hot  water.  It  melts  and  decomposes  about 
240°.  Taurine  contains  the  groups  NH,  and  SO,H,  and  is,  therefore, 
both  a  base  and  a  sulphonic  acid.  But  as  the  two  groups  neutralize 
each  other,  the  compound  has  a  neutral  reaction.  It  may,  therefore, 
be  considered  as  a  cyclic  ammonium  salt;  this  is  indicated  in  the 
second  constitutional  formula.  It  can  form  salts  with  the  alkalies. 
It  separates  unaltered  from  its  solution  in  acids  (see  Glycocoll). 

Nitrous  acid  converts  it  into  isethionic  acid  (p.  306).  Boiling 
alkalies  and  acids  do  not  affect  it,  but  when  fused  with  caustic  potash 
it  breaks  up  according  to  the  equation : 

^"«<S(?k  +  ^^^^  ==  CjHjKO,  +  SO,K,  +  NH,  +  H,. 

Taurine  introduced  into  the  animal  economy  reappears  in  the  urine  as  Tauro- 
carbamic  Acid,  NH,CONH  .  CH, .  CH, .  SO,H. 

By  introducing  methyl  into  taurine  we  obtain  tauro-betalne,  analogous  to  betalne 

(p.  310):  (CH,),.N<§"*>SO,. 

EthionU  Acid,   ^^a'^SO  H  '    *     ^^  constitution  of  thb  acid  would  indicate  it 

to  be  both  a  sulphonic  acid  and  primary  sulphuric  ester.  It  is  therefore  dibasic,  and 
on  boiling  with  water  readily  yields  sulphuric  and  isethionic  acids.  It  results  when 
carbyl  sulphate  takes  up  water. 

Carfyl  Sulphate y  C^fifi^  (A.  223,  210),  is  formed  when  the  vapors  of  SO,  are 
passed  through  anhydrous  alcohol.  It  is  also  produced  in  the  direct  union  of  ethy- 
lene with  two  molecules  of  SO,. 

CH, .  SO.H 
Ethylene  Disulphonic  Acid,    1  tt*  ^  easily  soluble  in  water,  melts,  when 

CH, .  SO,H 

anhydrous,  at  94^,  and  is  formed  in  the  oxidation  of  glycol  mercaptan  and  ethylene 

snlphocyanide  with  concentrated  nitric  acid ;  by  the  action  of  fuming  sulphuric  acid 

npcD  alcohol  or  ether,  and  by  boiling  ethylene  bromide  with  a  concentrated  solution 

of  potassium  sulphite  (compare  ethylene  disulphinic  acid,  p.  306). 


4.  NITROGEN  DBRIVATIVB3  OP  THB  GLYCOLS. 

A.  Nitroso-compounds. 

The  addition-products  from  the  oleHnes  and  nitrosyl  chloride  belong  in  this  group 
(compare  the  texpenes). 


3o8 


^C  NO)  .  OGiCHJ^  Bdtn^  al  I2I«, 

SLe  odor.    Tbe  liTdrocmrboo 

nitrite  (B.  27, 


455;  K- 
B.  Nil 

.\V^»^t-.  jU^Ji,  f 'rr.'^rjcrxr^-ira.  CH,  XO,  ■ .  CH, .  OH,  iCMlts  from  the 
■iffiwT*u  ^'  ^>rci:c«i^^zr:=  lod  i^-rr  acfie.  It  B  a  hovy  oiL  Nitf^istpr&pyl 
A^.  -tA:  CH,  \:ii  ,  H  •/H^k  -  ^  sct_3^  m  iij*  .30  am.  \  sp.  gr.  1. 191  (18**),  is 
a  cv«cr«9»  :^ncli.     It  s  xraoi  m  die  csBdeastfkx  otf*  eqviBolcciiIar  quantities  of 

■B^  «t  a't  1 :    R.  at,  R.  6o6^ 
t  5  J'natf*-  ■■  imtrnt.  N . .« .~H,   CH,  .  CH«Nv  ;_  is  tbe  ob!t  known  leooodary  nitro- 

9nt  I'^ifiitf    JLm.  ociKff  ilunUv-pHaffins  contain  the 
x<  ae  siar  oabon  nbHL     Ther  are  dnifatites  of  the  aide- 


i*  t» 


C  A"*^*—  ani  AjBBnaQimn  Compoands  of  the  Glycols. 
Ths^Tf  AT?  rwv  «r-«»  .'C  XX  rjcs*  ccr.\^  from  the  glvcols,  and  cone- 
>v.cr'j  "i  r,-'  t^e  m'*"  scr>e>  ^c  c'.Tnc^r  Ijlicss  estds,  mcrcaptans,  etc. : 


H:    Cy,   C%.:H.        K.^    .-H,   CH.   XH^        a^        XH,CH,.CH,.NH, 
^:^>v>^  Or<TCt  vaoBiae  EthyleAe  Diaiuoe. 

T><TWc^  ibe  *=:.acs  cf  the  ^'.>cy^  brcmk  down  into  two  classes: 
:    7S?  c-A-i-jL-k  1  ^jk=L-.r)es  jcd  :>cir  cen\ai;\e5 ;  (2)  the alkylen  diamines 

*  Omj^S^  ^w*^,  i^c  rtjiliaMinrT  a»i  their  dui»atim> — Methods  of  fonna- 
rv*a  :  Acrvo.  ^'C  Aixav'&tt  osc  the  hi^viydrms:  i2i  bj  the  onion  of  ammonia 
Mvi  aT*.  .  «r»  ,'.w«i^     Ii  riKTse  twc  TVKOjns  tbe  pfodacts  are  priflaary,  secondary  and 

C*L  01.   OH 

'^\0  -  XH.  —  Oire&TUaeine  or  AmidoediTl  akohol  (p.  I24) 

OH,  *      *       OH.   XH,       •  -  u-    -^/ 

a\*^>0  -  XH,  =^  J^]:-  \^     ch!""^^  PioijethjUminearlmidoethyl  AJcohol 

CH.  OhJv^H  -OH^ 

3^>0  ^  XH.  =  OH.  OH^ .  OH^-^  Tnoxyeihyhwne  or  Aaoethyl  AloohoL 

^^  oh;,oh    CH, 

(3)  By  the  action  of  sulphuric  acid  upon  allylamine  with  addition 
of  water  (B.  ifi,  SJi'^,  or  by  evaporation  with  nitric  acid,  when 
vinylamine,  for  example,  yields  oxethylamine. 

h  f^-^^^^^^^PP^'ca^ionoYthephthalimide  reaction  (p.  162).  Alkylen 
haloids  are  allowed  to  act  upon  potassium  phthalimide,  the  reaction- 
product  being  heated  with  sulphuric  acid  to  200-230*^ : 

'-«;h,{^nch,.ch.b.-m;h,{^h  ^  xh,ch.ch.oh 

''lie  oxyethylamine  bases  ai:e  also  called  alkamtnes;  their 
>ters,  the  alketnes  (see  tropei^)  (B.  15,  1143). 


NITROGEN   DERIVATIVES  OF  THE  GLYCOLS.  309 

The  oxyethylamioe  bases  are  separated  by  fractional  crystallization  of  their  HQ- 
salts,  or  platinum  double  salts.  They  are  thick,  strongly  alkaline  liqoids,  which  de- 
compose upon  distillation. 

Ozy-ethylamine,  CH,OH .  CH, .  NH,,  Amtdo-ethyl  AUokol  \%'Aminoeihanol\^ 
is  produced  by  the  usual  methods. 

Ozy-ethylmethylamine,  CH,OH .  CH, .  NH .  CH,,  results  from  ethylene  chlor- 
hydrin  and  methylamine  when  they  are  exposed  to  a  temperature  of  lio^.  It  is  a 
liquid,  boiling  at  130-140°. 

Ozy-ethyldimethylamine,  CH,OH .  CH, .  NfCH,),,  has  been  obtained  from 
ethylene  chlorhydrin  and  NH(CH,),  (B.  14,  2408) ;  also  by  the  breaking-down  of 
methyl  morphimethine  (B.  27,  XI44).  For  homologues  and  alkamines  of  cyclic 
secondary  bases,  see  B.  14,  1876,  2406;  15,  1 143 ;  28,  3111 ;  2g,  1420. 

The  bases  obtained  from  the  tertiary  amines  are  especially  interesting.  Choline 
is  one  of  them.     It  is  quite  important  physiologically. 

Choline,  Oxyethyl'trimethyl  Ammonium  Hydroxide^   BiUneurine^ 

OH 

Sincalin,  ^^4<n(CH  )  OH*  ^^  *^  quite  widely  distributed  in  the 
animal  organism,  especially  in  the  brain,  and  in  the  yolk  of  tg%j  in 
which  it  is  present  as  lecithin^  a  compound  of  choline  with  glycero- 
phosphoric  acid  and  fatty  acids.  It  is  present  in  hops,  hence  occurs 
in  beer.  It  is  obtained,  too,  from  sinapin  (the  alkaloid  of  Sinapis 
aldd),  when  it  is  boiled  with  alkalies  (hence  the  name  sincalin).  It 
occurs,  together  with  muscarine,  (HO),CHCH,N(CH,)jOH(?)  (B.  27, 
166),  in  flyagaric. 

History, — A.  Strecker  discovered  this  base  (1862)  in  the  bile  of  swine  and  oxen. 
He  gave  it  the  name  choline^  from  x^^^^  bile.  Liebreich  obtained  it  from  protagon, 
a  constituent  of  the  nerve  substance,  and  at  first  named  it  murine^  from  vtvpov,  nerve ; 
this  he  later  changed  to  bilineurine^  to  distinguish  it  from  the  corresponding  vinyl 
base,  which  continued  to  bear  the  name  neurine.  The  constitution  of  choline  was 
explained  by  Baeyer,  and  WUrtz  showed  how  it  might  be  synthetically  prepared  by 
the  action  of  trimethylamine  upon  a  concentrated  aqueous  solution  of  ethylene  oxide : 

(CH,),N  +  C,H,0  +  H,0  =  (CH,),N<CH,.  CH,.  OH 

Its  hydrochloride  is  produced  from  ethylene  chlorhydrin  and 
trimethylamine. 

Choline  deliquesces  in  the  air.  It  possesses  a  strong  alkaline 
reaction  and  absorbs  CO,.  Its  platinum  double  salt,  (C5H,40NCl), .  - 
PtClo  crystallizes  in  beautiful  reddish-yellow  plates,  insoluble  in 
alcohol.     See  B.  27,  R.  738,  for  choline  derivatives. 

laocboline,  CH, .  CH(OH) .  N(CH,),.  OH,  is  obtained  from  aldehyde-ammonia 
(B.  16, 207).    Homocholine,  HO .  CH, .  CH, .  CH,N(CH,),OH  (B.  22,  3331). 
Neurine,  tnnyl-trimethyl-ammonium  hydroxide^ 

(CH,),N<gg  =  <="«  =  QH„NO. 

Thb  base  resembles  choline.  It  is  very  poisonous.  It  is  produced  when  cho- 
line decomposes,  or  upon  boiling  it  with  baryta  water.     It  has  also  been  obtained 
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from  the  brain  substance.  It  occurs  with  the  ptomaines — alkaloids  of  decay,  partly 
poisonous  and  partly  non-toxic.  It  may  be  derived  from  the  bromide  corresponding 
to  choline  f  obtained  by  treating  ethylene  bromide  with  trimethylamine),  and  the  iodide 
(resulting  from  the  action  of  HI  upon  choline)  when  they  are  subjected  to  the  actkm 
of  moist  silver  oxide : 

CH,.OH  aHI         CH,I  Ag«0        CH, 

CH,N(CH,),OH  CH,N(CH,),I         H,0         t 


Choline 


HN(CH,),OH 
Neurine. 


COO 

Betaine,  Oxy neurine y  Lycine^    Trimethyl  glycocolly    I     \  ,  is 

Crlfr«(Cxig)g 

allied  to  choline.     It  is  obtained  by  the  careful  oxidation  of  choUne 
(Liebreich,  B.  2,  13) : 


CH,OH  aO         COOH  -HjO       COO 

|N(CH,), 


CH,N(CH,),OH  CH,N(CH,),OH  CH,^ 


Its  hydrochloride  is  obtained  directly  by  synthesis,  when  trimethyl- 
amine  is  heated  with  monochloracetic  acid  (B.  2,  167;  3,  161)  : 

(CH5),N  +  CH,a .  CO .  OH  =  (CH,),N<^"> .  CO .  OH^ 

and  on  heating  amidoacetic  acid  (glycocoll),  NH, .  CH, .  COOH,  with 
methyl  iodide,  caustic  potash  and  wood  spirit. 

Beia'ine  occurs  already  formed  in  the  sugar-beet  (Scheibler,  B.  2, 
292 ;  3,  155),  Beta  vulgaris^  hence  is  present  in  the  molasses  from  the 
beet,  and  makes  the  latter  valuable  for  the  obtainment  of  trimethyl- 
amine.  It  is  also  found  in  the  leaves  and  stalks  oi  Lycium  barbarum^ 
in  cottonseed,  and  in  malt  and  wheat  sprouts  (B.  26,  21 51).  It  crystal- 
lizes with  one  molecule  of  water  in  deliquescent  crystals,  in  which  there 
is  present  the  acid  HO  .  N(CHj), .  CH, .  COjH.  At  100®  this  ammo- 
nium hydroxide  loses  one  molecule  of  water,  and  the  cyclic  ammo- 

COO 
nium  salt,  i     \  ,  is  produced. 

(I:h,N(CH,),'      ^ 

CH     CH 
Diethyleneimide  Oxide,  Morpholine^  ^"^CH*   CH*-^^^*  '*  produced  when 

dioxyetbylamine  is  heated  to  160*^  with  hydrochloric  acid,  and  upon  distillation  with 
caustic  potash.  See  B.  22,  2081,  for  homologous  morpholines.  It  is  assumed  that 
the  same  atomic  grouping  exists  in  morphine  as  in  morpholine,  hence  the  name. 

Diacetone  Alkamine,  (CHj^,C(NH,)CH,.  CH .  OH  .  CH,,  boiling  at  174-175®,  is 
formed  in  the  reduction  of  diacetonamine  (p.  219)  (A.  183,  290). 

{b)  Halogen  Alkylamines,  or  Haloid  Esters  of  the  Ozyalkylamines. — In 
the  free  state  these  bodies  are  soluble  in  water  and  not  very  stable.  They  easily  change 
to  salts  of  the  cyclic  imides,  e,  ^. ,  chloramylamine,  C1CH|(CH2)4NH2,  become  penta- 

J  i 

methyleneimide-  or  piperidine  chlorhydrate,  CHj .  (CH,)^  NH  .  HCl.     Methods  of 
Forma/ion  /  ( I )  The  addition  of  a  halogen  hydride  to  unsaturated  amines,  like  vinyl- 
or  allylamine,  p.  169  (B.  21,  1055  ;  24,  2627,  3220). 
(2)  By  the  action  of  halogen  hydrides  upon  oxyalkylamines,  see  neurine^  p.  J09; 


NITROGEN   DERIVATIVES  OF  THE   GLYCOLS.  311 

(3)  wben  the  halogen  alkjl  phthalimides  are  heated  with  haloid  acids  (B.  ax,  2665 ; 
aa,  2220;  a3,  90),  e.g.: 

^^*  {  (2)C0>N  •  CH,CH,Br     ^^'  >  C,H,  { j jj^«g  +  BrCH, .  CH,NH,HBr. 
Bromethyl-phthalimide  o-Phthalic  Acid. 

(4)  Or  the  nitriles  of  the  halogen  substituted  adds  axe  transposed  with  sodium 
phenoxide,  reduced,  and  then  heated  with  an  haloid  acid  (B.  24,  3231 ;  25,  415)  : 

aCH, .  CH,CH,CN  +  NaOCjHj  =  C^H^O  .  CH, .  CH, .  CH.CN  +  NaQ 

4H  3HCI 

C,HjOCH,[CH],CN  — >►  C,HjOCH,[CH,],CH,NH,— >-ClCH,[CH,],NH,.  HQ. 

The  following  are  known : 

ChloT't  hrom-t  and  iodoethylamine,  ICH, .  CH,NH. ;  y-Brompropylamine^  Br  .• 


a[CHJ,CH(CH5)CH,NH,;  ^n- Propyli'lhlorn^amylaminey  CH,Cl[CHJ,CH. 
(q|H^)CH,NH,  (6.  27,  3509 ;  a8,  I197).  The  four  last  bodies  split  off  hydroAloric 
acKi  and  jield  tetramethylene  and  pentamethylene  imides  (p.  314),  or  piperidine, 
/3-pipecoline  and  /3-propylpiperidine. 

(c)  Oxyethylamine  Derivatives  Contaixiing  Sulphur. — Aminoethyl  mercap- 
tan  chhrkydrate,  HCl .  NH,.  CH,.  CH,SH,  melts  at  70-72^  Thioethylatnine, 
(NH, .  CI^.CHAS,  boils  at  231-2330.  Diaminoetkyl  disulphide  chlorhydrate, 
(NH,.  CH,.  CH,S),2HC1,  melts  at  253**.  Diaminoethylsulphone,  (NH,CH,CH,),SO,, 
has  tMcen  prepared  from  bromethylphthalimide  as  the  starting-out  substance  (B.  22, 
1 138;  24,  1112,  2132,  3101). 

Taurine,  Amidaisethionic  Acid,  NH, .  CH, .  CH, .  SO,H,  has 
already  been  discussed  under  isethionic  acid  (p.  306). 

(</)  Alkylen  Diamines. — ^The  di-,  like  the  mono-valent  alkyls,  can  replace  two 
hydrogen  atoms  in  two  ammonia  molecules  and  produce  primary,  secondary,  and 
tertiary  diamines.  These  are  di-acid  bases,  and  are  capable  of  forming  sa'ts  by 
direct  union  with  two  equivalents  of  acids.  Some  of  them  have  been  detected  with 
the  pionudnti  or  alkaloids  of  decay  (B.  20,  R.  68)  and  are  therefore  worthy  of 
note,  e,  g. ,  tetramethylene  diamine  or  putrescine,  and  pentamethylene  diamine  or 
cadazferint. 

Formation:  (i)  They  are  prepared  by  heating  the  alkylen  bromides  with  alco- 
holic ammonia  to  100^  (jp.  161)  in  sealed  tubes : 

C,H,Br,  -f  2NH,  =  C,H,<JJ^ .  2HBr 

Ethylene  Bromide  t?»u  i       Vf 

Ethylene  Diamine 

2C,H^Br,  4-  4NH,  =  NH<^2« '  ch'>N^  '  ^^^'  +  ^NH^Br 

Diethylene  Diamine 

CH 
3C,H4Br,  +  6NH,  =  N  ^  C,H*  ^  N .  2HBr  +  4NH,Br. 

\C,H,/ 
Triethylene  Diamine. 

To  libexate  the  diamines,  the  mixture  of  their  HBrsalCs  is  distilled  with  KOH 
and  the  product  then  fractionated. 

(2)  Aaother  very  convenient  method  for  the  preparation  of  diamines  is  the  reduc- 


312  ORGANIC  CHEMISTRY. 

tion  of  {a)  alkylen  diqranides  or  nitriles  (see  these)  with  metallic  sodium  and  abmlote 
alcohol  (see  p.  162  and  B.  20,  2215): 

CN  CH.NH,  CH,.CN  CH,.CH,.NH- 

I      +8H  =  |  ;  I  +4H,=   I 

CN  CH,.NH,  (JHj.CN  CH,.CH,.NH, 

Dicyanogen  Ethylene  Ethylene  Tetramcinylene 

Diamine  Cyanide  Diamine. 

(d)  By  the  reduction  of  the  oximes,  (c)  redaction  of  the  hydraxones  of  the  dial- 
dehydes  and  diketones,  and  (d)  by  the  reduction  of  the  dinitroparaffins. 

In  some  of  these  reductions  cyclic  imides  have  been  obserred ;  thus,  in  the  redac- 
tion of  ethylene  cyanide  in  the  presence  of  tetramethylene  diamine,  tetramethylene 
imide  is  formed. 

(3)  From  dicarboxylic  amides,  bromine  and  caustic  potash  (B.  27,  511)  (p.  163). 

!4)  From  dicarboxylic  azides ;  see  hexamethylene  diamine,  p.  313* 
5)  From  alkylene  diphthalimides  on  heating  with  HQ : 

CH«{  |;>S8>N(CH.).N<gO<5| }  C.H.  -^^|->  jJg!i*iS'.'c?fi..CH..CHrflH.Ha 
Trimethylene  Diphthalimide  Trimetbylenediaminc  Chlorliydrate. 

Properties. — The  alkylen  diamines  are  liquids  or  low  melting  solids  of  peculiar 
odor,  which  in  the  case  of  those  that  are  volatile  is  very  much  like  that  of  ammonia^ 
and  recalls  piperidine.     They  fimae  slightly  in  the  air,  and  attract  carbonic  acid. 

Behavior .— ^ZKikicA  and  acid  radicals  can  be  introduced  into  the  amido-groups  of 
the  diamines  in  the  same  manner  as  in  the  amido-groups  of  the  monamines.  The 
production  of  the  dibenzoyl  derivatives,  ^.  ^.,  C|H4(NH  CO .  C^ Hj)|,  upon  shaking 
with  benzoyl  chloride  and  caustic  soda,  is  well  adapted  for  the  detection  of  the  diamines 
(B.  21,  2744).  Nitrous  acid  converts  them  into  glycols,  at  the  same  time  ansatarated 
alcohols  and  unsaturated  hydrocarbons  arise  (B.  27,  R.  197) 

Further,  the  diamines  unite  directly  with  water,  forming  very  stable  ammonium 
oxides^  which  only  give  up  water  again  when  they  are  distilled  over  caustic  ^>otash 
(compare  pentamethylene  diamine) : 

CH,NH,  CH.NH, 

inlNH;  +  «•«  =  dH, .  NH  >°'  ^'•'"«  '^"«^~  ^^'"^*- 

By  the  exit  of  ammonia  they  pass  into  cyclic  imides. 

Ethylene  Diamine,  ^^4<Cmh*»  melting  at  +8.5®,  boiling  at  1 16. 5**,  com- 
bines with  water  to  ethylene  diamine  hydrate ^  melting  at  -\-\o^  and  boiling  at  Il8^. 
It  reacts  strongly  alkaline,  and  has  an  ammoniacal  odor. 

Nitrous  acid  converts  it  into  ethylene  oxide.  Ethylene  Dinitramine^  NO-NHCH, . 
CHjNHNO,  (B.  22,  R.  295). 

Ethylene  diamine  and  a/^propylene  diamine,  like  the  ortho-diamines  of  the  benzene 
series,  combine  with  ortho-diketones,  e,  g.^  phenanthraquinone  and  benzil,  to  form 
pyrazine  derivatives,  similar  in  structure  to  the  auinoxalines.  They  also  unite  with 
the  benzaldehydes  and  benzoketones  (B.  20,  276;  2Z,  2358).  Coiisalt  B.  27,  1663. 
for  the  action  of  CSCl,  upon  ethylene  diamine. 

Diacetyl-ethylene  Diamine  consists  of  colorless  needles,  melting  at  172®, 
When  this  compound  is  heated  beyond  its  melting  point,  water  splits  oiT,  and  there 
follows  an  inner  condensation  that  leads  to  the  formation  of  a  cyclic  <iimV/fW  base,  closely 
allied  to  the  glyoxalines.  It  is  ethyl-ethenyl  amidine  or  methyl  gly^xalidim,  which 
under  the  name  Lysidine^  m.  p.  105^  and  b.  p.  223°,  has  been  recommended  as  a 
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solvent  for  uric  add  (B.  a8, 1 176).  The  corresponding  propylene-  and  trimethylene- 
diamine  derivatives  react  similarly : 

CH, .  NH  .  CO .  CH,       CH, .  NH. 

I  =1  >C.  CH,  +  CH,.  CO,H. 

CH, .  NH .  CO .  CH,       CH, .  "^^ 

DiacetyMiethylene  Ethylene-ethenyl 

Diamine  Amidine. 

.       .       CH,.CH.NH, 
Propylene  Diamine,  j  ,  boiling  at  119-120**  (B.  az,  2359),  has 

CH, .  N  H, 

been  split  up  by  means  of  d-tartaric  acid. 

1-Propylene  Diamine,  [a]D  = — 19.11°,  forms  a  d-tartrate,  which  is  sparingly 

soluble  (B.  a8, 1180). 

CH     NH 
Trimethylene  Diamine,  CH,<^g«  *  j^JJ»,  boils  at  135-136°  (B.  17, 1799;  ^'t 

2670).  It  has  been  prepared  by  general  methods  I  and  3  ;  also  (2d)  by  reduction  of 
1.3-ainitro-propane  (p.  159). 

Tetramethylene  Diamine,  \\.i^-Diaminohutane\  Putrescine^  C4H,(NH,)2, 
melting  at  27°,  is  obtained  from  ethylene  c>anide  by  general  method  2<i,  and  from 
succiniddehyde  dioxime  (p.  327)  (B.  2a,  1970).  It  is  identical  with  ^^putrescine 
(  B.  az,  2938},  which  has  been  isolated  from  decaying  matter. 

[i.4.Diaminopentane],  CH,CH(NH,) .  CH, .  CH, .  CH, .  NH,.  boiling  at  1720, 
is  formed  from  the  nitrile  of  pyroracemic  acid  according  to  method  of  formation  za. 

f-  and;t-[2.5-Diaminohexane],  CH,CH(NH,)CH,  .CH,CH(NH,)CH„  boiling 
at  175°,  are  formed  together  from  the  diphenyl-hydrazone  of  acetonyl  acetone 
(p.  324)  according  to  meUiod  of  formation  2.c.  They  sustain  a  relation  to  each  other 
similar  to  that  shown  by  racemic  acid  and  mesotartaric  acid  (B.  a8,  379). 

ri.4DUmino-2-Methyl  Pentane],  CH,CH(NH,)CH,.  CH(CH,)CH,NH,. 
boiung  at  175°,  is  obtained  from  a  methyl -levulindialdoxime  (p.  298)  according  to 
meth<^  of  formation  2^  (B.  23,  1790^. 

Pentamethylene  Diamine,  Ouiaveriney  \i.%'Diaminop€ntane\^ 

i-iwj  ^CH, .  CH,  .  NH, 
^"«'^CH,.CH,.NH,» 

is  obtained  by  the  reduction  of  trimethylene  cyanide  by  method  of  formation  2a.  It 
boils  at  178-179°,  and  solidifies  in  the  cold  (B.  z8,  2956  ;  19,  780).  It  is  identical 
with  cadavetine  (p.  311),  a  ptomaine  isolated  from  decaying  corpses  (B.  ao,  2216,  and 
R.  69).     It  forms  an  hydrate  with  two  molecules  of  water  (B.  ay,  R.  580). 

Neuridine,  C^HjfN,  (B.  18,  86),  formed  by  the  decay  of  fish  and  meat,  is 
isomeric  with  pentamethylene  diamine. 

Hezamethylene  Diamine,  \\.(>-Diaminohexane\  NH,[CH,],NH,,  melting  at 
40°  and  boiling  at  192-195°,  is  formed  in  the  decomposition  of  l/examethyl^ne 
diethy!  methane^  [CH,],[NHCO,C,Hj]„  melting  at  84°,  which  results  upon  boiling 
the  suberic  acid  azide  with  alcohol  (B.  ag,  1169). 

ri.8-Diamino-ocUne],  CH,NH,[CH,],CH,NH„  melting  at  51°  and  boiling  at 
238°,  is  obtained  from  the  amide  of  sebacic  acid  by  method  of  formation  3. 

i.loDekamethylene  Diamine,  NH,CH,(CH,)gCH,.  NH„  melting  at  61.5° 
and  boiling  at  140°  (12  mm.),  results  from  the  nitrile  of  sebacic  acid  by  2a  method 
of  formation  (B.  25,  2253). 

3.  Cyclic  Alkylen  Imides. — Three  members  of  this  class  are 
especially  important :  (i)  Diethylene  diamine,  piperazine  or  hexa- 
hydropyravine ;  (2)  Tetramethylene  Imide  or  Tetrahydropyrrol ;  and 
{^.  Pentamethylene  Imide,  Hexahydropyridine,  or  Piperidine,  the  basic 
decomposition  product  oipiperine,  the  alkaloid  contained  in  pepper. 
27 
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MuktA  af  ArsHAiM.— (I)  UpM  heating   the  ^j'l"!^  hfdmdilorides,  whcD 
f  o«i« iplitt «ff  M  ■wnnMiiuin  chlocide,  *.g.  : 


aKNHiCH|CH^H|CHf  H.NH,.Ha  ~CII,CH,CHtCHiCKiNH.Ha  +  NH,C] 
^■hinHhTkt  DiiHlnc  HydTocMDridc  PcnUmMhylnw-imldc,  Pipciidinc. 

(3>  Bv  tbr  nlitdDg-off  of  halogen  hjdride  froo  the  halogen  alk;!  unines — r.  g. , 
«hc«  ihc  chlothrdrale  a  healed,  or  when  it  is  digested  with  dilute  caustic  poUsh 
tB.  H.3i]i:  as.  415)' 

aCH,CH,CH,CH,CH,NH,  =  iH,CH,CH,CH,CH,l'lH.  HQ 
rCfalonmjFlaiiuiic  Ptperidme  Hydrochloride. 

'  Tberne  (sodnced,  logethei  with  the  diamines,  in  the  rednctioii  of  alkjlen 

TVaMplcitcTtlie  ■Ikflenimidc,  ethylene  imide,  NH<'*,    ct»t«spoi>dii%    to 

^.)tM  oxide,  b  net  known.     Howeicr,  piptnaitu,  a  diellijlene  diamide,  cone- 
ial»^  (odtethylene  oxide  (p.  305),  diethjlenediwlpliide  (p.  299),and  dieili;lene- 
_^'-  ax>k  K  norpboline,  is  known  ; 

-vS  S>»  s<Si!;:cH:>s  o<ii;;:ci;'>'-"  ~«<S;.cl!:>''« 

H    ni-^-^  Dlelhylae         DHthTkne-inidc  Oilde         DlcthylcnnliiuiiiBe 

^"^  Dianlphidc  Mofpholine  PiperailBe. 

pifihyltne  Diamine,  Pipereuiite,  Hexahydropyrazine, 

',  EC  ^  '°4°  '"'^  boiling  at  145-146°,  vas  first  prepared  by  the 

^^^\^~iiMinK)nia  upon  ethylene  chloride.     It  is  produced  by  heating 

t"-!.  we-diMoiM  hydrochloride  (B.  ai,  758),  and  by  the  reduction  of 

_  ^^  ^nj-h     rH^^^'  *^'  '**^'     ^'  "^  technically  made  from 

^Jiitfyittu  diamine,  the  react  ion- product  of  aniline  and  ethylene 

^^  ^  when  it  is  transposed  into  the  p-dinitroso-com pound,  and  the 

"■*'^^  broken  down  into  p-dinitrosophenol  and  diethylene  dia- 


*St^3 


•*A-.w:,h,->-noch,n<K{}»|">n.c;h,no->-nh<™«-^U»>nh 

piperaiine,  is  a  strong  base,  soluble  in 
,p,>n  distillation  with  zinc  dust,  changes  to  pyraune 
:(,  R-  441)-  It  is  interesting  to  note  that  piperazine 
j|i:id  to  form  a  salt  even  more  readily  soluble  than  the 
i(fnce  its  strongly  alkaline,  dilute  solution  has  been 
[^.  1  solvent  for  uric  acid  (B.  34,  141). 

I,CH,<ch'>NH,  boiti  from  66-70"  (B.  as,  2727). 
'  CH, ,  CH, 

Tftrahydrepyrrel,  Pyrrolidine,  i        rii '^'*'^'  ^''' 
m   letramelhjlene   diamine   according  lo    melhod  <^ 
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IbniiAtion  l ;  fiom  (f-cfalorbatylamine  and  caustic  potash  by  method  2  (B.  24,  3231  )> 
and  by  the  reduction  of  p3rnx>line,  the  first  reaction -product  of  pyrrol  (B.  x8,  2079), 
and  oi  suceittimUe  (see  succinic  acid)  (B.  ao,  2215) : 

CH=CH                 aH        CH,.CH,                 2H        CH,.CH, 
I  >NH >-  I     *         '>NH >  I    '         *>NH 

CH=CH  CH  =  CH  CHj.CH, 

Pyrrol  Pyrrolinc  Pyrrolidine.  Tetraroethylene 

Imide. 

Tetraroethylene  imide  has  an  odor  resembling  that  of  piperidine. 
Tetramethylene-nitrosamine^  C4HaNN0,  boils  at  214°  (B.  21,  290). 

CH| .  Cri .  Criy 

/3-Methyl  Pyrrolidine,  I  >N,  boils  at  1030  (B.  ao,  1654). 

CH| .  CHf 

CH,.CH(CH,) 

a-Methyl  PjrrroHdine,  I  '>NH,  is  obtained  from  7-vaIerolactam. 

CH. .  CH|  ^^.-""'''^ 

It  boils  at  97^.     i.4-Dimethyi  Pyrrolidine  boils  at  107°  (B.  aa,  1859). 
Pentamethylene  Imide,  Piperidine^  Hexahydropyridine^ 

boiling  at  io6^,  is  obtained  according  to  methods  i,  2  (B.  25,  415)  and 
3  (p.  314) ;  also  from  piperine  (see  this),  and  by  the  reduction  of  pyri- 
dine, into  which  it  passes  when  it  is  oxidized : 

6H 

XH— CH^     >•  .CH, .  CH,. 

CHf  ^N  30  CH  /  >NH. 

Pyridine  Piperidine. 

Piperidine  bears  the  same  relation  to  pyridine  that  is  sustained  by 
pyrrolidine  to  pyrrol.  Therefore,  tetraroethylene  imide  and  penta- 
methylene imide  link  the  pyrrol  and  pyridine  groups  to  the  simple 
aliphatic  substances,  the  diamines,  and  their  parent  bodies,  the  glycols. 

The  pyrrol  and  pyridine  derivatives  will  be  discussed  later  in 
connection  with  the  heterocyclic  ring  systems,  together  with  allied 
bodies,  and  then  we  shall  again  return  to  pyrrolidine  and  pii^eridine. 


a.  ALDEHYDE  ALCOHOLS. 

These  contain  both  an  alcoholic  hydroxy!  group  and  the  aldehyde  group  CHO, 
hence  their  properties  are  both  those  of  alcohols  and  aldehydes  (p.  189).  The 
addition  of  2  H-atoms  changes  them  to  glycols,  while  by  oxidation  they  yield  the 
oxy-acids,  containing  a  like  number  of  carbon  atoms. 

(I)  Glycolyl  Aldehyde,  CH,(OK) .  CHO,  may  be  considered  the  first  aldehyde 
of  glycol,  and  glyoxal  (p.  320)  the  second  or  dialdehyde.  It  is  produced  when 
brom-acetaldehyde  is  treated  with  cold  baryta  water,  or  when  chloracetal  is  heated 
with  Tery  dilute  acids;  probably  also  from  dioxymaleic  acid  (?),  an  oxidation 
product  of  tartaric  acid,  when  it  is  digested  with  water  at  50-60°  (B.  29,  R.  919). 
It  is  only  known  in  aqueous  solution.  Bromine  water  oxidizes  it  to  glycolHc  acid 
(see  this),  and  dilute  caustic  soda  condenses  it  to  tetrose  (see  this)  (B.  25,  2552, 
2984)  \  see  aldol.  Phenylhydrazine  acetate  produces  the  osazone  of  glyoxal  (p.  320). 
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The  following  bodies,  which  have  been  already  discussed,  are  deriTadres  €»f  gljool 

aldehyde : 

CHO  CHCOCjHj),  CHG,  CHCl, 

(bH,afBri),  (I:H,ci(Br)  iH,oH  <!:H,a 

Monochlor-  (brom-,  iodo-)  Monochlor-  Dichlorethyl         i.»-Trichior-etliaiie 

Acetaldehyde  (p.  198)  acetal  (p.  200)  Alcohol  (p.  125)  (p.  103). 

Glycol  Acetaly  CH,OH .  CH  (O .  CjHj),,  boiling  at  i67*»,  is  obtained  frona  brom- 
acetal  (B.  5,  150). 

Ethyl  Glycol  Acetal,  CjH^O .  CH,  .  CH(0 .  C^Hj),,  boils  at  168°  and  is  obtained 
from  1. 2-dichlorelher  (p.  135 )  (B.  5,  150).  Phenyl  Glycol  Acetal,  CLH.O .  CH, .  CH- 
(O.  CjHj),,  boils  at  257''  (B.  a8,  R.  295)..  IsotHethyUn,  CH, .  CwfOCjHg)  .  CH- 
(O  .  cIh.),,  boiling  at  85°  (I  I  mm.),  is  formed  when  acrolein  is  digested  seTeral  days 
with  alcohol  at  5(^  (B.  24,  R.  89],  and  by  the  action  of  orthoformic  ether  npoo 
acrolein  (B.  29,  2933). 

(2)  Aldol,  CH, .  CH(OH)  .  CH, .  CHO,  ^-Oxyhutyraldehyde, 
boiling  at  60-70®  (12  mm.),  and  discovered  by  Wflrtz  in  1872,  is 
obtained  by  the  condensation  of  acetaldehyde  by  means  of  dilute 
cold  hydrochloric  acid,  and  other  condensation  agents,  ^.  ^.,  CO,K, 
(B.  14,  2069  ;  24,  R.  89  ;  25,  R.  732). 

Aldol  freshly  prepared  is  a  colorless,  odorless  liquid,  with  a  sp>ecific 
gravity  of  1. 120  at  o®,  and  is  miscible  with  water.  Aldol  distils  in  a 
vacuum  un decomposed  at  100°  ;  but  under  atmospheric  pressure  it 
loses  water  and  becomes  crotanaldehyde. 

As  an  aldehyde  it  will  reduce  an  ammoniacal  silver  nitrate  solu- 
tion. Heated  with  silver  oxide  and  water  it  yields  /9-oxybutyric  acid, 
CH3 .  CH(OH) .  CH, .  CO,H. 

On  standing  it  polymerizes  into  paraldol,  {Cfi.^^^ ,  which  melts  at  80-90®. 
Should  the  mixture  of  aldehyde  and  hydrochloric  acid  used  for  the  preparation  of 
aldol  stand  for  some  time,  water  separates,  and  we  obtain  the  so-called  dialdtin, 
C^Hj^O,.  This  is  a  crystalline  body  which  melts  at  139*^  and  reduces  ammoniacal 
silver  solutions. 


NITROQEN-CONTAININQ  DERIVATIVES  OP  THE  ALDEHYDE  ALCOHOLS. 

Ammonia  converts  aldol  in  ethereal  solution  into  aldol -ammonia,  C^HgO,.  NH,, 
a  thick  syrup,  soluble  in  water.  When  heated  with  ammonia  we  get  the  bases, 
CgHi^NOj ,  CgHjjNO  (oxyteiraldin,  sec  this)  and  CgH„N  (collidine).  With  aniline 
aldol  forms  methyl quinoline.     (Compare  alkylide  anilines.) 

Amidoaldehydes :  (l)  Amidoacetaldehyde,  \^Ethanalamine'\y  [2'Amino-ethanaf\, 
NH, .  CHj .  CHO.  This  is  obtained  as  a  deliquescent  hydrochloride  when  amido- 
acetaly  NH, .  CH,{0  .  C^Hg),,  boiling  at  163°,  is  treated  with  cold,  concentrated  hydro- 
chloric acid.     Amido-acetal  is  produced  when  chloracetal  is  treated  with  ammonia 

/CH  =  CH\ 
(B.  25,  2355;  27,  3093).    Amidoacetoldehyde  yields  pyratine^  N  _  N 

(B.  26,  1830,  2207),  when  it  is  oxidized  with  sublimate. 
Hydrazide  Acetaldehyde  (B.  27,  2203). 

Betalne  Aldehyde,  (CHg)gN .  CH,  .  CHO  .  OH  (?)  (B.  27,  165),  is  different  from 
Muscarine  (p.  309),  which  occurs  in  fly  agaric  {A^aricus  muscarius). 

/somuscarine,  HO.  CH,.  CH(OH)N(CH,).CH  (?),  is  obtained  from  the  additioa 
product  of  ClOH  and  neurine  (p.  309)  with  silver  oxide  (A.  267,  253,  291). 
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<y  Amidovaleraldehydc,  NH, .  CH, .  CH, .  CH. .  CH, .  CHO,  melting  at  390,  is 
obtuDcd  imm  pipfridine  by  the  action  of  H,0,,  and  condenses  to  tetrahjdropjndine 
(B.  as,  2781)  when  it  is  heated.  Homologous  amidoaldehjdes  are  obtained  from 
Conine,  a-  and  /9-pipecoline,  as  well  as  copellidine,  when  treated  with  hydrogen 
peroxide  (B.  a8,  2273) : 

^„      CH,  CH,     .,  J  !!!2Lch  ^CH,CH0         J!!^     cH  ^C"  =  CH  ^NH 
^"«<CH, .  CH,>^ "        ^™«<CH;  .  CH,NH,       ^  CH« <CH,-CH  >^" 
Piperidine  ^Amidovaleraldenyde  Tetrahydropyridine. 


3.  KETONE  ALCQHOLS  OR  KETOLS. 

The  ketone  alcohols  or  ketols  are  distinguished,  according  to  the 
position  of  the  alcohol  or  ketone  groups,  as  a-  or  1.2-,  /9-  or  1.3-,  j-  or 
1.4-ketols,  etc.  The  position  of  these  two  groups  with  reference  to 
each  other  influences  the  chemical  character  of  these  bodies  more 
than  the  kind  of  alcohol  group  (whether  primary,  secondary,  or 
tertiary).  These  alcohols  show  simultaneously  the  character  of  alco- 
hols and  of  ketones. 

A.  SATURATED  KSTOLS. 

a-  or  i.2-Ketol8  yield,  with  phenylhydraaine,  osazones  of  1.2-aldehyde  ketones  or 
i.2-diketones  (see  glucoses). 

Acetyl  Q,9X\i\Tio\^pyrora€emic  alcohol^  acettmt  alcohol^  oxyacetone,  methylketol^ 
acetol^  [Prcpanc/m],  CfH, .  CO .  CH,OH,  boiling  at  145-150°,  is  a  colorless  oil  with 
a  feeble,  peculiar  odor.  It  is  produced  when  water  and  freshly  precipitated  barium 
carbonate  act  upon  chloracetone  (B.  24,  R.  726)  ;  also  upon  fusing  cane  and  grape 
sugar  with  caustic  potash  (B.  z6,  837).  Acetol  and  its  ethers,  when  in  solution, 
reduce  alkaline  copper  solutions  (B.  13,  2344). 

The  ethyl  ether  boils  at  I28<'  (A.  369,  14 ;  B.  27,  R.  796).  The  acetyl  ester  boils 
at  172^.     The  bmtoyl  ester  melts  at  24^. 

Phenyl  Acetol,  C,HjO .  CH, .  CO .  CH„  boils  at  230**  (B.  28, 1 253).  Ethyl  Ketol, 
C,H, .  CO .  CH,OH,  boiling  at  155-156*^,  is  produced  when  tetrinic  acid  (see  this) 
is  heated  with  water  to  200^  (B.  36,  2220 ;  A.  288,  19). 

Chlor-,  brom-,  and  iodo-acetone  are  the  haloid  esters  of  acetyl  carbinol  (p.  217). 
When  the  a-  or  I.2-diketones,  diacetyl  and  acetyl  propiouyl  {^,  322),  are  reduced 
with  zinc  and  sulphuric  acid,  the  two  ketone  alcohols  corresponding  to  benzoin  of  the 
benzene  series  are  produced  (B.  23,  2214;  23,  2425). 

Acetyl-methyl  Carbinol,  Dimethyl  Ketol,  [2.3-Butanolon],  CH,COCH(OH^CHj, 
boils  at  I42<».  Acetylethyl  CarHnol,  CH.CO.  CH  (OH  )CH,.  CH,.  boils  at  77<>  (35 
mm.).  Homologous  acetols,  R  .  CO  .  CH,OH,  hayebeen  prepared  in  the  form  of  their 
ethers  from  the  halogen  derivatives  of  alkylized  acetoacetic  esters  (B.  2X,  2648). 

DibtUyryl  and  Di-isovaleryl  were  described  in  connection  with  the  saturated 
glycols.  These  are  compounds  which,  upon  saponification,  do  not  yield  unsaturated 
glycols,  but  their  isomeric  a-  or  1.2-ketone  alcohols: 

CH.CHjCHLC— OCO.CjH,  KOH  C,H,C— OH     ^.  C,H,CO 

•     ^     ^  I  ^    ^     ^  II  ;  ^^**  rearranges     '    ^  | 

CH,CH,CH,.C  —  OCO.CjH,  C,H,C  —  OH       *'»«*f  *°       C,H,CH.OH. 

Butyroln,  C,H^COCH(OH)C,H,,  boils  at  180-190®,  with  slight  decomposition. 
Valeroin,  C.H^CO .  CH(OH)C^Hg,  boils  at  155-156°  (12  mm.)  (B.  24,  1271). 
When  these  ketols  are  treated  with  concentrated  caustic  potash  and  air,  Dipropyl- 
aod  Di'isohuiylglycoUic  Add,  (C«H«),C(OH)CO,H  (compare  benzoin)  result. 
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/5-  or  i.3-Keto*s. — By  the  aldol  condensation,  acetaldehyde  and  chloral,  to- 
gether with  acetone,  yield  the  two  ketols :  hydrtuetyl  aietone^  CH. .  CH(OH)  .  CH, .  • 
CO .  CH„  boiling  at  176-177°,  and  chloral  acetone,  Ca,CIl(OH) .  CH,  .  CO .  CH,. 
melting  at  75-76°  (B.  25,  3165  ;  a6,  354,  908).  Diacetone  Alcohol,  (CH,),C(OH)- 
CIl, .  COCH,,  also  belongs  in  this  group.  It  boils  at  164°,  and  results  from 
diacetonamine  (p.  219)  by  the  action  of  nitrous  acid.  The  p-  or  1.3-ketols  lose 
water  and  pass  into  unsaturated  ketones  (p.  221),  /•  or  l.^-hetols  and  6-  or  l.$- 
Ketols.  Representatives  of  these  ketol  classes  result  from  the  products  arising  iii 
the  action  of  ethylene  bromide  and  trimethylene  bromide  upon  sodium  acetoacetic 
ester  ;  when  brometbyl  and  brompropyl  acetoacetic  esters  are  boiled  with  hydrochloric 
acid  (B.  19,  2844;  21,  2647  ;  22,  II96,  R.  572): 

CO, .  CjHj  2H»0  CO,  -f  CjHjOH 

CHjCOCH  .  CH, .  CH,Br  ^CH, .  CO .  CH, .  CH,  .  CH,OH  -f  HBr 

Bromethyl-acetoacetic  Ester  Acetopropyl  Alcohol 

COj.CjHj  aH,0  CO,  +  C,HjOH 

CH, .  CO .  CH  .  CH, .  CH, .  CH,Br        ^  CH, .  CO .  CH, .  CH,.  CH,  .  CH,OH  +  HBr 
Brompropyl-acetoacetic  Ester  Acetobutyl  Alcohol. 

(i)  P-Acetopropyl  Alcohol,  CH,.  CO.  CH,.  CH,  .  CH,OH,  boils  at  2o8*»  with 
decomposition. 

(2)  y-Acetobutyl  Alcohol,  CH, .  CO .  CH,  .  CH, .  CH, .  CH,OH,  decomposes  about 
155°. 

These  compounds  when  heated  give  off  water  and  become  oxides  of  the  unsaturated 
glycols  (p.  298).  Both  ketone  alcohols  fail  to  reduce  an  ammoniacal  copper 
solution,  but  when  oxidized  with  chromic  acid  yield  the  corresponding  carboxylic 
acids  :  Itrvulinic  acid  (see  this)  and  y-acetobutyric  acid  (see  this).  They  yield  the 
corresjxjnding  glycols,  y-pentylene  glycol  and  d-hexylene  glycol,  when  reduced. 
Hydrobromic  acid  converts  them  into  brompropyl-methyl ketone,  CH, .  CO.  CH, .  • 
CH,  .  CH,Br,  and  brombutyl-methyl  ketone,  CH,CO  .  CH, .  CH,  .  CH, .  CH,Br,  boil- 
ing at  216°.  These  bromides  are  converted  by  ammonia  into  ring-shaped  imides  (B, 
25,  2190),  similar  to  the  )-diketones  (p.  324).  This  reaction  links  theopen,  aliphatic 
compounds  with  the  pyrrol  and  pyridine  derivatives : 

CH,  .  CO  .  CH,  NH,  CH  =  C^NifCH, 

CH,CH,Br  ^CH,-CH, 

i-Meihyl-dlhydropyrrol 

^^    .CH, .  CO .  CH3       NH,  CH  =  C>^CH, 

*^CH, .  CH,Br  ^  ^"«^CH,—  CH^ 

Tetrahydropicoline. 


B.  UNSATURATED  KETOLS,  OXYMETHYLENE  KETONES. 

Compounds  of  this  class  are  obtained  from  the  ketones  R  .  CO .  CH,  and  R .  CO.- 
CH,R^,  together  with  formic  ester  in  the  presence  of  sodium  ethylate.  It  is  very  prob- 
able that  at  first  the  sodium  compound  of  diethyl  orthoformic  acid  is  formed  (p.  233), 
which  is  transposed  by  the  ketone,  and  water  is  split  off: 

O.C,H5     CaHftONa  y^^'f^h     (CH.),CO 

HC<^  >■  HO^OCjH^ >-  CH, .  CO .  CH=CHONa. 

^  \ONa 

These  bodies  were  at  first  thought  to  be  /?-ketoaldehydes.     However,  their  |no- 
nounced  acid  character  has  shown  that  they  should  be  regarded  as  oxymethylene 
ketones,  acivinyl  alcohols  (Claisen,   B.  20,  2191  ;  21,  R.  915;  22,  533,  3273;  25, 
1781).     They  dissolve  in  alkaline  carl)onates,  forming  stable  salts,  and  give  green 
colored  precipitates  with  copper  acetate   (B.    22,   1018).     Acetic  anhydride  and 
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benxoyl  chloride  converts  them  as  readily  in  a  free  state  as  the  phenols  into  n«*atral 
acetates  and  benzoates,  insoluble  in  alkalies.  Their  alkali  derivatives  and  ethyl  iodide 
yield  oxyeihyl  ethers^  which  are  saponified  by  alcoholic  alkalies,  like  the  ethers  of 
organic  carboxylic  acids.  These  compound^  — CO .  CH  =  CH  .  OH,  are  the  first 
exceptions  to  the  rule  of  Erlenmeyer  (p.  53)1  according  to  which  the  complex 
>>C  =r  CHOH  present  in  open  chains  must  invariably  rearrange  itself  into  the  aldehyde 
form  >-CH  .  CHO.  It  is  shown,  on  the  contrary,  that  when  an  hydrc^en  atom  of 
the  methyl  or  methylene  group  in  acetaldehyde  or  its  homologues,  R  .  CH,  .  CHO, 
is  replaced  by  an  acid  radical,  a  rearrangement  of  the  aldehyde  form  into  the  vinyl 
aUokolform  is  sure  to  follow  (B.  25, 1781^. 

In  conjunction  with  this  explanation  it  may  be  mentioned  that  the  alkyl  oxy- 
methylene  group— «.  ^.,  C|H<O.CH= — may  be  introduced  by  means  of  ortho- 
formic  ester  and  acetic  anhydnde  into  compounds  which  contain  the  atomic  grouping, 
— CO.CH,  .CO  (B.  a6,  2729),  e,  g.^  into  acetyl  acetone,  acetoacetic  ester  and 
malonic  ester.  The  compounds  which  result  will  be  described  subsequently  in  their 
proper  places. 

OxymethyUne  Acetone  (formerly  caXXeA/ormy I  acetone^  acetoacetic  aldehyde\  CH,- 
CO .  CH  =  CHOH,  boils  at  about  100**,  and  readily  condenses  in  solution  to  [1.3. 5  J- 
triacetyl benzene,  CgH,[i.3.5-](CO.CH,)s  (see  this).  Hydrazine  converts  it  into 
3-methyl  pyrazole,  and  phenyihydrazine  into  l-phenyl-3-methyl  pyrazole  (see  this). 
Oxymethyleneduthyl ketone^  C^H^CO .  C(CH,)  =  CHOH,  melts  at  40<'  and  boils  at 
l64-l66«. 


NITROGEN-CONTAININO  DERIVATIVES  OP  THE  KETONE  ALCOHOLS. 

(i  A)  Amidoketones  of  the  paraffin  series  are  obtained  by  the  reduction  of  isoni- 
troso-ketones  with  stannous  chloride  (B.  27,  1037).  Amidoacetone,  CH, .  CO  .  CH,- 
NH^  is  a  brown,  thick  oil.  Amidopropylmethyl  ketone^  CH,COCH(NH,)C,H^,  is 
an  oil  which  solidifies  to  a  crystalline  mass. 

Diacetonamine,  (CH,),C(NH,)CH, .  CO  .  CH,.  Compare  p.  219.  These  com- 
pounds, oxidized  with  sublimate y  yield  pyrazine  derivatives ;  thus,  amido-acetone 

/C(CH,)=CH\ 
passes  into  ^^^^^^^  ^N,  dinuthylpyraune  (B.  27.  R.  928).     The  pyra^ 

tines,  ketines  or  aldines  will  be  treated  along  with  the  heterocyclic  compounds.  The 
hydrochlorides  of  the  a-amidoketones  are  easily  transposed  by  potassium  cyanate  into 
imidatolones,  and  by  potassium  sulphocyanide  into  imidatolylmercaptans  (B.  27, 
1042,  2036). 

Dialkylamidoketones  have  been  prepared  in  great  number  by  the  interaction  of 
chloracetone  and  secondary  amines :  Dimethylamido-acetone,  (CH,),N .  CH, .  CO .  - 
CH,  boils  at  123^*,  while  Diethylamidoacetone  boils  at  155^  (B.  29,  866). 

(i  B)  Unsaturated  j3- Amidoketones  have  been  obtained  from  acetyl  acetone 
(p.  323)  by  the  action  of  ammonia,  primary  and  secondary  alkylamines  (B.  26,  R. 
290).  Acetylacetonamine,  CH, .  CO .  CH  =  C(NH,)CH„  melts  at  43<>  and  boils 
at  209<^.  Acetyl-acetone-ethylamine  CH, .  CO .  CH  =  C(NHC,Hs)CH„  boils 
at  2io-2i5'>.  Acetyl-acetone  diethylamine,  CH, .  CO .  CH  =  CN(C^ll5), .  CH,, 
boib  at  155^  (24  mm.). 

(2)  Isoxaxoles,  the  anhydrides  of  the  oximes  of  unsaturated  j3-oxyketones  and 
^-oxyaldehydes  will  be  subsequently  treated  together  with  the  oximes  of  the  alde- 
hyde ketones  and  the  diketones  (p.  325). 

(3)  a-Halogenketozimes  are  produced  by  the  action  of  hydroxylamine  upon  mono- 
halogen  acetones  (p.  216).  Chloracetoxime,  CH,C1.  C:  N(OH) .  CH,,  boils  at  tx^ 
(9  mm.);   bromacetoxime  melts  at  36*^,  while  iodoacetoxime  melts  at  64®  (B.  29, 

X550)- 

(4)  Alkylen  Nitxosates  and  Nitrosites,  produced  by  the  action  of  nitrogen 

tetroxide  and  trioxide  upon  alkylens,  are  nitrogen -containing  derivatives  of  the 
a-ketob  (A.  24Z,  288;  245,  241 ;  248,  161 ;  B.  20,  R.  638 ;  2X,  R.  622),  e,  g.  : 
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(CH,),C  n^*  (CH^),C.ONO,  KfO*       (CH,),CONO 

CH,CH  CH,C  =  NOH  CH, .  C  =  NOH. 

^iMMorrlcnc  UounylcBC  KUnisatc,  laoamyleae  Nitrosite. 

TriaMtliTl  EatyleBe  b.  p.  97^ 

When  amiiies  set  upon  tbese  bodies  die  O .  NO,  group  is  replaced  bj  the  NHR 
groop  with  Che  fonnatioo  of  nitroiamtimfs^  from  which  keUamma  can  be  obtained : 


(CH,),C — ONO,    QH^KH,      (CH,),C  —  NHC,H,     H»0     (CH,),C  —  NHC;H, 

CH,C  =  NOH  CH,C=rNOH  CH,C  =  0 

Aaii)lene  Nitrnaniltne  Amylciie  Ketoanilide. 

m.  p.  I3i\ 

Potasriom  cyanide  intiodaces  the  cjaiiogen  gnnp  for  the-^NO,  giuap  of  the 
amylene  nilrosate,  and  from  the  nitrile  an  oxime  acid  may  be  piepared.  llic  latter 
melts  at  97^  and  breaks  down  into  CO,,  and  methyl  isopropyl  ketozime,  which 
would  clear  up  the  constitntioo  of  these  bodies : 

(CHg),C .  ONO,  (CH,),C .  CN  (CH,),C .  CO,H  (CH,),CH 

CH,(!:  =  NOH      ^   CH,<!  =  NOH      ^   CH,C==NOH  CH,C  =  NOH. 

/I-Isoamylcne  Isoamylene  Ketoxime-dimethyl  Mcthylisopropyl 

Nttroaate  laonitroaocyaiiide  Acetoacctic  Acid  Ketozimc 

The  nitrosate  and  nitrosite  reactions  are  important  for  some  of  the  terpenes 
(see  these). 

(5)  Pynzoles  (see  these)  are  heterocyclic  nitrogen-containing  derivatives  of  the 
unsaturated  /3-ozyketones  (p.  3 1 8),  which  are  obtained  from  these  and  hydrazine  or 
phcnylbydrazine  (see  above). 


4.  DIALDEHYDES. 

The  only  known  dialdehyde  of  the  fatty  series  is  glyoxal,  discovered 
in  1856  by  Debus. 

Glyoxal,  Oxaialdehyde  [Elhandial],  Diformyl,  CHO .  CHO,  is 
the  dialdehyde  of  ethylene  glycol  and  oxalic  acid,  while  glycolyl 
aldehyde  (p.  315)  represents  the  first  or  half  aldehyde  of  ethylene 
glycol  and  the  aldehyde  of  glycoUic  acid : 

CHjOH  CHjOH  CHO 

(iH,0H  cino  (ino 

Glycol  Glycolyl  Aldehyde  GlyozaU 

Glyoxal,  glycollic  acid  and  glyoxylic  acid  are  formed  in  the  careftd 
oxidation  of  ethylene  glycol,  ethyl  alcohol  (B.  14,  2685  ;  17,  R.  168), 
or  acetaldehyde  with  nitric  acid.  It  may  also  be  prepared  by  trans- 
posing its  sodium  salt  with  sodium  bisulphite  (B.  24,  3235). 

'ng  the  solutions  the  glyoxal  is  obtained  as  an  amorphons,  non-vola- 

liqnesces  in  the  air.     It  is  very  soluble  in  both  alcohol  and  ether. 

it  probably  represents  a  hydrate,  because  methylglyoxal  (p.  321) 

9xal  (p.  322)  are  very  volatile  (B.  ax,  809). 

The  alkalies  convert  it,  even  in  the  cold,  into  glycollic  add.     In 
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this  change  the  one  CHO  group  is  reduced,  while  the  other  is  oxidized  (compare 
bennl  and  benzilic  add) : 

CHO  CHjOH 

tHO+"»^=CH,OH. 

As  a  dialdehyde  it  unites  directly  with  2  molecules  of  primary  sodium  sulphite, 
forming  the  crystalline  compound,  C,H,0,(SO,HNa),  -f*  H,0.  This  bisulphite  is 
readily  transposed  by  primary  and  secondary  amines,  with  the  production  either  of 
derivatives  of  glycocoll  or  indolsulphonic  acids  (B.  27,  325$).  It  also  reduces 
ammoniacal  silver  solutions. 

Concentrated  ammonia  yields  two  bases  with  glyoxal:  Glycosin, 
CH— NHv  yNH— CH 

6h  -  N^^^^^-^N  -  ^H  <^-  »••  ^-  «■>• 
and  in  larger  quantity,  Qlyoxaline,  C,H^N,,  the  parent  substance  of  the  glyoxalines 
(oxalines)  or  amidazoles  (]3-diazo1es)  (see  these). 

For  their  deportment  with  o-pfaenylenediamine  compare  the  a-diketones,  page  322. 

Olyoxime,  page  327.  Glyozalosazone,  p.  328.  Glyoxal  and  urea  form  a 
diurelde  called  glycoluril, 

NucUuS'SynSfketic  Reactions. — ^Formic  aldehyde  and  acetaldehyde  unite  with 
hydrocyanic  acid  to  form  the  nitriles  of  glycoUic  and  lactic  acids  respectively. 
Glyoxal  in  the  same  manner  combines  with  prussic  acid  and  becomes  the  nitrile  of 
racemic  acid.  Consult  B.  21,  R.  636,  for  the  condensation  of  glyoxal  with  malonic 
ester  and  acetoacetic  ester. 

.     .  CH,.O.CH.G.CH, 

Orthoglyoxal  diethyUne  ether,  ^^  Q  ^H  O  (^H  '  ™*^^*'*^  **  '34^  »  pro- 
duced by  the  action  of  hydrochloric  acid  gas  upon  glycol  and  glyoxal  (B.  28,  R.  321). 

Other  aldehydes  of  saturated  dibasic  acids  are  not  known.  7-ButyroIactone  was 
formerly  thought  to  be  the  dialdehyde  of  succinic  acid. 

Dibrom-maleU  aldehyde,  OCH  .  CBr :  CBr .  CHO,  melting  at  69°,  has  been  formed 
by  the  action  of  bromine  water  upon  /S^-dibrompyroracemic  acid  (A.  232,  89). 

The  oximes,  hydraxones,  and  osazones  will  all  be  treated  together  with  the  corre- 
sponding derivatives  of  the  aldehyde  ketones  Tmd  diketones  (p.  325). 


5.  KETONE  ALDEHYDES  or  ALDEHYDE  KETONES. 

PjfTomcemic  Aldehyde,  Acetyl  Formyl,  Methyl  Glyoxal  [Propanalon],CH,.- 
CO. CHO,  is  a  yellow  volatile  oil,  obtained  by  boiling  its  monoxime,  isonitroso- 
acetone  (p.  326),  with  dilute  sulphuric  acid.  The  bodies  formerly  Supposed  to  be 
^-ketone  aldehydes,  which  were  also  called  formyl  ketones,  e.g.,  formyl  acetone 
CH, .  CO .  CH, .  CHO,  have  been  found  to  be  unsaturated  ketols ;  they  have,  there- 
fore, been  already  discussed  in  connection  with  the  saturated  ketols. 


6.  DIKETONES. 

The  relative  position  of  the  CO-groups  determines  them  to  be 
either  a-  or  1.2-diketones,  ^9-  or  1.3-diketones,  y-  or  1.4-diketones,  etc. 

They  have  been  regarded  as  diketosubstitution  products  of  the  paraffins,  hence 
the  name.  The  **  Geneva  names  "  contain  the  syllable  "  di  "  between  the  paraffin 
name  and  the  ending  «on";  thus  [Butandion]  for  CH, .  CO .  COCH,.  The 
o-diketones  are  most  generally  designated  as  compounds  of  two  acid  radicals,  e.  g., 
diacetyl  for  CH^CO.  CO.  CH,;  the  /?-diketones  as  monoketones  containing  acid 
radicids,  e,  g.^  acetyl  acetone,  CH, .  CO .  CH, .  CO .  CH,. 
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TW  dActcmei  read  like  the  DUoobetonei  with  brdroirluniDe  and  vbeojihj- 
^•nnc.  Tbtir  oiimes,  prtp<u>ed  in  muother  ruddct,  coosliliitc  (he  chief  ttaning- 
(«l  mMnki  Tor  ihe  obtUDincDt  of  tbe  a-diketona.  The  Dilnigm-coDUniiDg  deiivi- 
tiTC*  of  (be  dikctoDei,  the  aldefafde  kelooei  uid  dialdehjdes,  becaiue  of  (heir 
!,  will  be  diicniied  after  ibe  diketonea. 


(I)  a-DikatoncB  or  i.3-DikelaiiH. 

Tbese  arc  obtained  rrocn  their  monoiimes.  tbe  isoaitnuokelonei,  b;  boiling  Ihe 
latter  with  diltfe  mlpbnric  acid  [*.  Pechmann)  (B.  ao,  3213 ;  it,  1411 ;  a«,  537, 
(Jl;  M>  39S4):  txityreractmic  aidikyiU.  Thej  are  tiia  fofined  wbea  the  mono-  ' 
£emes  ait  uidiaed  with  nitric  acid  (B.  j8,  S5S)- 

The  •■diketooes,  in  contiBdiMinction  to  (he  coloHen  aliphatic  monoketoDex  ait 
jdlDw.  tolanle  liquidl  with  a  penetrating  quinooc  like  odor. 

(ll  TW  a-dikctooe*  are  chancteiiied  ai>d  distingnished  from  the  ^  and  j'-kelones 
b*  Aeir  afadMf  lo  unite  with  the  dfthopheDylenediamiDes  (limilar  to  glyoiial).  In 
dis  wa*  dxy  art  condeMcd  to  the  qtantjealiua  (tee  (be$e)  : 

-NH,       OO.R  .NiCR 

^NH,       CO.R  ^N:CR 

VT     iw|iiianili   contiinlng  the  group  — CO .  CO — ,  t.  g.,  glfoial,  pTToraccinic 
,^  pSuT'k  acid,   alloxan,   dioijnaitaric  acid,   etc..   react  linularly   with  the 
jg.i  I  tttI— **■"*'      (1)  The  glyaialitus  are  the  jwiducts  of  the  nnion  of  the 
*ia  and  (Im  aldehydei ; 


^IV  CO 

«w  tm'sriUltttil  reatlieni: 
'  -,.  ai^n.  rantaining  a  CH,-group,  together  with  the  CO^gnnp,  lostaio  a  rather 
.      _!. A '^- "ir  alkalies.    ^/abZr are fint  produced. 


*•■.!»  »v«iko»ation  when  acted  upon  bj  the  al 
*""-«.  •»  im'-tmti  (B.  aa,  MIS  ;  *a.  1845) : 


CH,.C(OH).CO.CH, 


■«"  jield  I 

-L  vV  CO.CH,  (bH-.CO.CO.CH, 

\l!:v,<i)**  Diicc»>  Diicctyl  Aldol 

■v  v>il  and  pnuiic  acid  jield  Ibe  nitrile  of  dimethyl  n 

V  ^  K    U7). 

,*Klit>l.  fro"" 

-     '  ----"  icid)  by  the  ipliding-off  of   the  caiboijis  upon  the 


"*:?.. 


90.  31S3),  as  well  as  by  the  oxidatioD  of  telrioic  acid  (see 
r  Vil  >6, 1120  ;  A.  188,  i^).  It  is  a  jellow  liquid,  with  an  odor 
,!/    It  boils  at  87-89°. 

M:*lyl>  CHCI, .  CO  .  CO  .  CHG,,  results  in  the  action  of  po(a«sinm 
lanilic  acid  (together  with  letrachloTacetone,  p.  317).  I(  melts 
iig  1  IJ.  R-  ™)- 

^.lyl    (CHBr,-CO),    (B.    13.    35)    and    Dibrom-dUeetyl, 
•m<duced  by  the  action  of  bromine  upon  diacetjl. 
ill  CH(.  CO.  CO , CH„ Me(byl-elhyl-Uiketooe,  [i.j-pentaii- 
'      '  ei^yUcetone,  condenses  to  dnroquinone.     It  boils  at  loS". 
I  J  1  Heiandion],C,H,.  CO.  CO .  CH„  boils  at  liS".    Acetyl- 
\  nCO  .  CO  .  CH,.   boils  at    US'.      A»fyl  isovaltryl,  (CH,),- 
twll*  at    138'.      'ff'ty^    he-<aj>reyl,   (CH,),CHCH,CH,CO. 
*  ill.  •■.III?;  »4.39S6)- 
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a-Diketone  Dichlorides  result  in  the  action  of  hypochlorous  acid  upon  alkylized 
acetylenes  (p.  97),  according  to  the  equation  : 

C,Hj .  C  :    C .  CH,  +  2aOH  =  C^H^ .  CCl, .  CO .  CH,  +  H,0. 

Meihyl-aduhhrpropyl  Ket<mt,  C,H^ .  CO, .  CO .  CH„  boiling  at  138^  yields 
methyl-n-propyl  ketone  on  reduction ;  with  a  potash  solution  it  forms  duroquinone, 
angelic  acid  (p.  283),  and  a-ethyl  acrylic  acid.  The  two  acids  result  from  an  intra- 
molecular atomic  rearrangement  which  recalls  that  of  the  formation  of  benzilic  acid 
from  benzil  (p.  54). 

(2)  )9-  or  i.3-Diketone8  are  produced  according  to  two  nncleus-sjmthetic  reac- 
tioos:  (i)  Like  the  oxymethylene  ketones,  by  the  interaction  of  acetic  esters  and 
ketooes  in  the  presence  of  sodium  ethylate,  or,  better,  metallic  sodium  (Claisen,  B.  aa, 
1009 ;  a3,  R.  40).  It  is  very  probable  that  the  formation  of  a  sodium  derivative  of 
ortfaioacetic  acid  precedes  the  condensation.  Compare  oxymethylene  ketones  (p. 
318)  and  acetoacetic  ester  (see  this)  : 

OC,H,  OC,H, 

CHjC^  +  CjHjONa  =  CH,C^CHj 

.OCjH.  TT 

CIV1jOC,H.  +  „>CHCOCH,  =  CH,C(ONa)  =  CH .  CO .  CH,  -f  2C,H,OH. 
\ONa  " 

(2)  By  the  action  of  AlCl,  upon  acetyl  chloride  and  the  subsequent  decomposition 
of  the  aluminium  derivative.  This  reaction  was  discovered  by  Combes,  but  correctly 
interpreted  by  Gustavson  (B.  ai,  R.  252 ;    aa,  1009)  : 

3CH,coa  +  Aia,  =  ch'co>^^  *  ^^^^  •  ^^»  +  *^^^ 

c5c8>™^^^^'^«  -^^  ot:c8>c«^o««  -^^  cS;z^8>c«r 

CansiitutioH. — The  ^-diketones,  like  the  oxjrmethylene  ketones,  (p.  318),  have  an 
acid  character.  Although  the  formyl  ketones  are  regarded  as  oxymethylene  deriva- 
tives, the  disposition  generally  is  to  assign  the  salts  of  the  /^-diketones,  e.g. ,  CH,  .  • 
CO .  CH  =  C(ONa)CH,,  the  vinyl  alcohol  formula,  retaining  for  the  free  ketones, 
however,  the  diketo-formula.  Compare  also  acetoacetic  ester  (see  this),  and  formyl- 
acetic  ester  (see  this)  (A.  ayy,  162).  The  molecular  refraction  is  an  argument  in 
favor  of  this  view  (B.  25,  3074). 

Deportment. — Their  alkali  salts  are  precipitated  by  copper  acetate.  Ferric 
chloride  imparts  an  intense  red  color  to  their  alcoholic  solution.  See  pp.  327,  328  for 
their  remanable  behavior  with  hydroxylamine  and  phenylhydrazine. 

Acetyl-acetone,  CH, .  CO  .  CH,  .  CO  .  CH,.  boils  at  137**.  See  above  for 
its  formation.  It  can  be  produced  by  electrolyzing  an  alcoholic  solution  of 
sodium  acetyl  acetone.  Tetraacetylethane  is  formed  by  the  action  of  iodine  upon  the 
same  salt  (B.  a6,  R.  884).  S,C1,  and  SCI,  produce  dithio-  and  monothio-acetyl 
acetone  (B.  ay,  R.  401,  789).  See  p.  328  for  the  action  of  hydrazine  and  phenyl- 
hydrazine.  Copper  Acetyl  Acetone,  (C^V{fi^)JZvi.  Beryllium  Acetyl  Acetone  {Cfi^- 
0,),Be,  melts  at  108®  and  boils  at  270^.  Aluminium  Acetyl  Acetone^  (CgH,0,),Al, 
melts  at  193^  and  boils  at  314^.  The  vapor  densities  of  these  bodies  indicate  the 
bivalent  nature  of  glucinum,  and  the  trivalent  character  of  aluminium  (Combes,  B.  28, 
R.  10).  Octochloracetyl  Acetone  mtlXs  zi  ^^^ .  Octodromacetyl  Acetone,  CBt^.COC- 
Br,COCBr„  is  formed  when  chlorine  or  bromine  acts  upon  phloroglucin.     It  melts 

at  154**  (B.  as,  1717). 

Alkylized  acetyl  acetones  are  produced  when  sodium  and  alkyl  iodides  act  upon 
acetyl  acetone  (Combes,  B.  ao,  R.  285  ;  ax,  R.  ii). 
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Acetyl-methylethyl     Ketone,    CH, .  <X) .  CH, .  CO .  C,Hp     ftcetjlpcopioiiyl 

methane,  boils  at  1 58®. 

Acetyl-methylpropyl  Ketone,  acetyl-butyryl  methane,  boib  at  175^  (B.  ta, 

1015). 

(3)  T'  or  i.4-Diketone8. 

These  correspond  to  the  paraquinones  of  the  aromatic  series  (see 
these).  They  are  not  capable  of  forming  salts,  hence  are  not  soluble 
in  the  alkalies.  They  form  mono-  and  di-oximes  with  hydroxylAimney 
and  mono-  and  di-hydrazones  with  phenylhydrazine ;  these  are  color- 
less. The  readiness  with  which  the  ;^diketones  form  pyrrol,  furfurane, 
and  thiophene  derivatives  is  characteristic  of  them. 

Acetonyl  Acetone,  s  Diacetylethane,  [2.5-Hexandion],  CHs.- 
CO.  CH,.  CH,.  CO.  CH„  is  obtained  from  pyrotri tartaric  acid, 
C^HgOi  (see  this),  and  from  acetonyl  acetoacetic  ester  (see  this),  upon 
heating  to  160^  with  water  (B.  18,  58),  and  from  isopyrotritartaric 
acid  and  diacetylsuccinic  ester,  when  they  are  allowed  to  stand  in 
contact  with  sodium  hydroxide  (B.  aa,  2100).  A  liquid  with  an 
agreeable  odor.  It  is  miscible  with  water,  alcohol,  and  ether.  It 
boils  at  194^  C. 

Conversion  of  Acetonyl  Acetone  into  1,4'Dinuthyl'Jurfurane^  -thuh 
phene,  and  -pyrrol  (^doX^  B.  18,  58,  367,  2251). 

(i)  The  direct  removal  of  one  molecule  of  water  from  acetonyl 
acetone  (by  distillation  with  zinc  chloride  or  PtO^)  affords  dimethyl 
furfurane  (B.  ao,  1085)  • 

CH,.CO.CH,_CH=:C/   ^ 

in, .  CO .  CH,  ~"  in  ==  c^       "^^  * 

Dimethyl  Furfurane. 

Other  ^'-diketone  compounds  react  in  a  similar  manner  (Knorr,  B.  17, 

2756). 

(2)  When  heated  with  phosphorus  sulphide  acetonyl  acetone  yields 

dimethyl  thiophene : 

CH 
CH, .  CO .  CH,  _  CH  =  C/      ' 

(!:h,.co.ch,"^     '~(iH=C\      "^^  •  ' 

CHg 
Dimethyl  Thiophene. 

All  the  f  diketones  or  (i.4)-dicarboxyl  compounds,  e,g,y  the /'-ketonic 
acids  (see  these),  yield  the  corresponding  thiophene  derivatives  upon 
like  treatment  (B.  19,  551). 

(3)  Dimethyl  pyrrol  is  produced  on  heating  acetonyl  acetone  with 
alcoholic  ammonia : 

CH, .  CO .  CH,  ^  ^jj^  ^  ^^  =  ^<Nrf  -f  2H,0. 

CHj.co.CH,         •     (!:h d:  — CH, 

Dimethyl  Pyrrol. 
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All  compounds  containing  two  CO-groups  in  the  (1.4)  position 
react  similarly  with  ammonia  and  amines.  Such  are  diaceto-succinic 
ester  and  Isevulinic  ester.  All  the  pyrrol  derivatives  formed  as  above, 
when  boiled  with  dilute  mineral  acids,  have  the  power  of  coloring  a 
pine  chip  an  intense  red.  This  reaction  is,  therefore,  a  means  of 
recognizing  all  (i.4)-diketone  compounds  (6.  19,  46).  These  deriva- 
tives react  similarly  with  amidophenols  and  amido-acids  (B.  19,  558). 

In  all  these  conversions  of  acetonyl  acetone  into  pyrrol,  thiuphene, 
and  furfurane  derivatives  it  may  be  assumed  that  it  first  passes  from 
the  diketone  form  into  the  pseudo-form  of  the  unsaturated  diglycol 

(P-57): 

CH, .  CO .  CH,  CH  =  C<8h* 

iH,.CO.  CH,  ^"'^'  iH  =  C<OH  • 

and  from  this,  by  replacing  the  2OH  groups  with  S,  O,  or  NH,  the 
corresponding  furfurane,  thiophene,  and  pyrrol  compounds  are  pro- 
duced (B.  19,  551). 

1.5-  or  J-Diketones  are  not  known.  If  it  is  attempted  to  prepare  them  from  the 
d-diketone  dicarboxylic  esters,  e.  g.^  oa-diacetyl  glutaric  ester : 

resoltiiig  from  the  condensation  of  aldehydes  and  acetoacetic  esters,  by  splitting  off 
carboxyethyl  groups,  there  results  instead  of,  for  example,  diacetyl propane  or  2.5- 
hepCandion,  CH, .  CO .  CH, .  CH, .  CH,  .  CO .  CH,,  a  carbocyclic  cAidensation  pro- 
duct—3-Methyl- A,- R-hexene  (A.  288,  321). 

C-Diketone  (1.7).  Diacetyl  Pentane,  CH, .  CO(CH,).CO .  CH„  belongs  to  this 
class.     When  this  is  reduced,  it  sustains  an  intramolecular  pinacone  formation  and 

becomes  dintttbyldihydroxyheptamcthylene,  CH,.  (l:(OH)(CH,)s(!:(OH)CH,  (B. 
»3,  R.  249;  24,  R.  634;  26,  R.  316). 


NITROGEN^ONTAININQ    DBRIVATIVES    OP   THB    DIALDEHYDBS,    ALDB- 

HYDB  KETONES,  AND  DIKETONES. 

1.  For  the  action  of  ammonia  upon  glyoxal  and  acetonyl  acetone,  consult  pp.  321, 

3«4. 

2.  Oziniea. 

A.  Monoximes. — (a)  Aldoximes  of  the  a-aldehyde  ketones  and  monoximes  of  the 
a-MJketones:  isonitrosoket^nes  or  oximido- ketones.  These  bodies  are  formed  {id)  by 
the  action  of  nitrogen  trioxide  upon  ketones  (B.  20,  639). 

(l^)  When  amyl  nitrite  in  the  presence  of  sodium  ethylate  or  hydrochloric  acid 
acts  upon  ketones.  At  times  sodium  ethylate  and  again  hydrochloric  acid  gives  the 
best  yield  (B.  20,  2194 ;  28,  1915) : 

CH, .  CO ,  CH,  -f  NO  .  O .  CjHj,  =  CH,  .  CO .  CH(N .  OH)  +  CjHjj .  OH. 

An  excess  of  amyl  nitrite  decomposes  the  oximido-body,  in  that  the  oximido-group 
is  replaced  by  oxygen,  with  the  production  of  a-diketo-derivatives  (H.  22,  527). 
(2)  Just  as  acetone  is  formed  from  acetoacetic  ester,  so  can  isonitrosu-  or  oximido- 
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CH,.CO.CH,.CO,H  +  NO.OH  =  CH,.COCH(N.OH)  +CO,  +  H,0. 


(B.  ao.  531); 

CH,.CO.CH<L,„  +  NO.OH  =  CH,.CO.C<'  +CO,+  H,0, 

uu,n  ^N .  OH 

Thite  the  dialkjriic  acetoacetic  acids  do  doI  read  (B.  15,  3067). 

freptriitt. — Tbe  isoaitrolo-  or  oiimido-kelcmei  aie  colorless,  crjistalliiie  bodies, 
easilj  soluble  id  alcohol,  ether  and  chlorofonii ,  bat  usually  nioie  eparinglj  soluble 
in  wkter.  Thej'  dissolTC  in  the  alkalies,  the  hydnigen  of  the  hydroiyl  group  being 
replaced  by  melol,  with  tbe  fonnation  of  salts  haTing  an  mlenseljr  yellov  color. 
1'ber  yield  a  yellow  colotalioo  with  phenol  and  sulphuric  acid,  and  not  [he  blue 
coloralion  of  the  nitroso- reaction  (B,  15,  1529). 

DipariHtfnt. — (!)  As  in  tbe  keton-oiimes,  so  also  in  the  isonilroso-ketoncs,  Ibe 
oximido-graup  can  be  split  off  and  be  replaced  by  oxygen,  which  will  lead  to  Ibe 
fbrmatiDn  of  diketo  bodies,  — CO .  CO — .  Sodium  bisalphite.  and  boiliog  the  resnlt- 
tng  imidsulphonic  add  with  dilute  acids  will  bring  about  tbi«  transposition  (B.  30, 
3161),  The  reaclion  alto  takes  place  when  isonitriHo-kelanes  are  boiled  directly  with 
dilute  lulphuric  acid  (B.  10,  3213).  The  decomposition  is  sometimes  mote  readily 
eHeded  by  nitrous  acid  (B.  aa,  532). 

(2)  The  aldojimido-kelones,  like  the  aldoiimcs  (p.  206),  are  converted  by  dehy- 
dnting  agents^ — t-g-t  acetic  anhydride — into  ocidyl  cyanides  or  a-keloo-carboiylic 
nitriles  (see  these)  (B.  ao,  2196). 

(3]  Amida-kitoHti  {p.  319)  are  produced  in  tbe  reduction  of  isonitmso  ketones  by 
means  of  stannous  chloride. 

(4)  Two  molecules  of  phenyl  hydrazine  acting  upon  the  isonitroso-ke  tones  produce 
esaxenit,  f.g.,  CH,.  C(N,H  .  C,H,)CH(N,H  .  C,H()-acelonosB«.ne  (B.  »,  518). 

(5)  By  the  further  action  of  hydro xylamine  or  its  hydrochloride  (B.  iC,  1S2}  upon 
isonilroso-acetone,  the  ketone  oxygen  is  replaced  and  ktloximic  aeids  or  dicxima  of 
the  o-aldehyde  ketones  and  a-dikelones  are  produced. 

(6)  The  ^Miy/n'iifr  results  from  the  action  of  sodium  alcoholate  and  benzyl  chloride 
npOD  nitroso -acetone.  This  is  isomeric  with  the  benzyl -isonitroso-acetone  deri*ed 
fRsnbenijlacetaacetic  acid: 

CH,.CO.CH:N.OC,H,        and        CH,.CO.C<^       ' 


i  (isiuiiiie  poop,   N.OH,  is  present  in  the  isooitroao- 
rnoMill  B.  16,  835,  for  the  salts  of  the  isooitroso-ketones. 

aldoxime  of  pyroraceroic  aldehyde,  CH, .  - 

■y  readily  soluble  iti  water;  crystallizes  in 

risms ;  fuses  at  65",  and  decomposes  at 

be  volatilized  Id   a  current  of  steam. 

ad(],  CH, .  CO .  CHO  (p.  296),  can  be 

ig  <'ff  the  isonitroso-group. 

ita.~-/spitifra'nmrlii-/-arflm-:  CH,.CO.C  = 
i  11  lKS-lKS°.  honilroiomtlhjell'repylltHtiu, 
Its  at  51-53°  and  boils  at  183-187°.    ItBHitreio- 
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tNttkyl-ketome,  CIH^ .  CO .  C  =  N .  OH  .  CH„  melts  at  59-62^.  IsonitrMomethyl- 
buiyl'ketcnt^  CH, .  CO .  C  =  NOH  .  C,Hp melts  at  49.5®.  Isonitrosomethylist butyl- 
ketone^  CH,.CU.  C  =  NOH  .  CH(CH,),.  melts  at  75**,  Isonitrosonuthylisoamyl- 
ketome,  CH, .  CO .  C  =  NOH  .  CH, .  CH(CH,),,  melts  at  42<>  C.  Isonitrosomethyi' 
isocaprytktUmt,  CH,  .  CO .  C  =  NOH  .  CH, .  CH, .  CH(CH,)„  melts  at  38«>. 

B.  Ozime-anhydrides  of  the  /^-Diketones  or  Isozazoles. 

MoDoximes  of  the  jS-formylketones  and  of  the  /3-diketones  are  not  known.  In  the 
attempt  to  prepare  them  water  splits  off  and  an  intramolecular  anhydride  formation 
takes  place.  The  oxime-anhydrides  are  isomeric  with  the  oxazoles,  which  also  con- 
sist of  five  members;  hence  their  name,  isoxatoUs  (B.  ax,  2178 ;  24,  390;  25,  1787). 

a-Methylisoxazole,  CH,-a-C,H,NO,  boiling  at  122^,  and  y-methylisoxazoU^ 
CH,-x-C,H,NO,  boiling  at  liS*',  result  from  oxymethylene  or  formyl  acetone. 
They  are  transparent  lionids,  having  an  intense  odor,  resembling  that  of  pyridine. 
a-Methylisoxazole  readily  rearranges  itself  into  cyanacetone  (see  this): 

CH=CHOH  CH CH    CH CO.CH,  CH C.CH, 

I  >-       II  ^    Y II       II  >  II  ^  Y II 

CHj.CO     NH,  -H,0    CHjCa        N       CH.OH     NH, -H,6 CH.     N 

ho''  ^o/  ho"  ^0/ 

oy-Dimethylisoxaxole  (CH,),-a7-C,HNO,  boiling   at   141-142^,  has  a  very 
peculiar  odor,  and  is  obtained  from  aceiylacetone  and  hydroxylamine  hydrochloride. 
C  Diozimes. 

(a)  Glyozimes  or  a-Diozimes. — The  monoxime  of  glyoxal  is  not  known,  but 
when  it  (pyroracemic  aldehyde)  and  the  o-diketones  are  treated  with  hydroxylamine 
hydrochloride,  then  the  o-dioximes  or  glyoximes  are  formed.  They  can  also  be 
olitained  from  a-isonitroso-ketones  or  a-dichlorketones. 

Glyoxime,  CH(=N.OH).CH(=N.  OH),  melting  at  I78«(B.  17,2001;  25, 
705;  a8,  R.  620),  is  prepared  nrom  trichlorlactic  acid  (p.  540).  Methyl  Glyoxime, 
Acetozimic  Acid,  CH,C(NOH) .  CH(NOH),  melts  at  1530.  Dimethyl  Glyoz- 
ime,  Diacetyldioxime,  CH,C(NOH)  .  C(NOH)CH,.  melU  at  234**  (B.  a8,  R.  1006). 
Ainhyl-ethyl  Glyoxinu,Zh.f,{^OVi).C{'t^OYi).QM^,  melts  with  decomposition 
at  170^.  Methyl-propyl  Glyoxime  melts  at  i68^  Methyl  isobutyl  Glyoxime  melib  at 
170-172®. 

(b)  Glyozime  Perozides  (B.  23,  3496)  result  when  NO,  acts  upon  an  ethereal 

solution  of  the  glyoximes :  dimethyl  glyoxime  peroxide^        *     1  1  ,  boils  at 

CH, .  C  =  N  —  O 

222-223®.     Methyl-ethyl  Glyoxime  Peroxide  boils  at  1x5-116®  (16.5  mm  ). 

\x)  Purazanes,  Axoxazoles,  Furo'la,.aL,']-diasoles  are  the  anhydrides  obtaiiicd  from 

CH:N 
certain  a-dioximes.     Furazane,    1  ^-^O,  itself  is  not  known,  while  dimethyl- 

fitrasane^  for  example,  from  diacctyl  dioxime,  has  been  prepared. 

{d)  ^-Diozimes  are  not  known  (see  above) ;  they  would  be  oxime  anhydrides  of 
the  /j-diketones  or  isoxazoles. 

{e)  /-Diozimes,  which  may  be  systematically  derived  from  the  7-dialdehydes 
(y-butyrolactone,  see  this)  and  y-aldehyde-ketones,  not  known  in  a  free  condition 
and  probably  not  capable  of  existing,  as  well  as  from  known  7-diketones,  may  be 
prepared  (l)  by  the  action  of  hydroxylamine  upon  pyrrol  (B.  aa,  1968)  and  alkyl 
pyrrols  (B.  23,  1788) ;  (2)  from  x-diketones  and  hydroxylamine.  They  are  decom* 
posed  by  boiling  alkalies  into  the  corresponding  acids,  or  ^-diketones. 

Succtnaldehydedioxime,  HO .  N : CH  .  CH, .  CH, .  CH  :  N .  OH, melting  at  X73®, 
passes  upon  reduction  into  tetramethylene  diamine  (p.  313)-  Ethyhuccinal- dioxime^ 
HO  .  N  :  CH  .  CHfC^H,)  .  CH, .  CH  :  N(OH),  melts  at  134-1  IS**.  Propionylpro- 
pi^nal dioxime ,  CH,.  CH,C:  NfOH) .  CH,  .  CH, .  CH  :  N(OH).  melts  at  84-85®. 
Methyl-litvuliHol'dioxime,  CH, .  C :  N(OH) .  CHj,CH(CH3)CH  :  N(OH).    Acetonyl- 
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acttatudioxiwu,    CH, .  C :  N(OH)CH, .  CH.C :  N(OH) .  CH,,  melts    at    I34-135". 
tM-Diaceiylpentandioxime,  CH.C:  N(OH)(CH,)5C:N(OH)CH„  melts  at  1720. 

3.  Hydrazine  and  Phenylhydrazine  Derivatives. 

^.      ,  CH,C  =  N 

Dtmeihyiazieihane,  ^     J.      JL»   melting   above   270^,  and  Dimethylbishydrtui' 

NH  *    ~  NH 

methyltnt^    1     >C(CH|) .  C(CH,X  1     ,  melting  at  158^,  are  obtained  from  di- 
NH  NH 

acetyl  and  hydrazine  (J.  pr.  Ch.  [2]  44,  174). 

Monohydrazones. — Hydrazone  of  Pyroraceroic  Aldehyde,  CH,CO .  CH :  - 
N.NH.C^Hg,  melting  at  148®,  is  obtained  by  saponifying  the  reactioo-prodact 
resulting  from  diazobenzene  chloride  and  sodium  acetoacetic  ester  with  alcoholic 
caustic  potash.  Diacetyl-hydrazone,  CH, .  CO  .  C :  N(NHq,H^)CH,,  melting  at 
133®,  has  been  prepared  from  diacetyl-  and  methyl -acetoacetic  ester  (Japp  and 
Klingemann)  (A.  247,  190). 

Dihydrazones  or  Osazones. — Glyoxal  (p.  320),  methyl-glyoxal  (p.  322),  the 
a-diketones  and  the  a-isonitroso-acetones,  when  treated  with  phenylhydrazine,  lose 
two  molecules  of  water  and  form:  diphenyl-hydrazones  or  osazones,  which  can  also 
be  obtained  from  a  oxyaldehydes,  a-oxyketones.  a-amidoaldehydes  and  a-amido- 
ketones.  The  osazones  have  become  especially  important  for  the  chemistry  of  the 
aldopentoses,  and  the  aldo-  and  ketohexoses.  The  osazones  are  oxidized  by  potassium 
chromate  and  acetic  acid  to  osotetrazonts^  which  are  converted  by  hydrochloric  acid 
and  ferric  chloride  into  osotriazoncs  : 

CH,C  =  N--NHCeH.     o      CH,C=rN-NC.H.     Fe^Cl.     CH,C  =  N 

CH,C  =  N— NHC.Hj         '^CH,C  =  N— NC,Hj      HCl       CHaC  =  N''^     '^    » 
Diacetyl-osazonu  Diacetyl-osotetrazone  Diacetyl-osoCriazooe. 

^/j/f)xfl/-<>j<73<?«^  C.HjNHN:CH.CH:N.NHCeH.,  melts  at  177®.     Glyoxal- 
CH:N.NC.IL 
osoMrazane,  \  Jt^  „  »   n»c'^  a^  145«>  (B.  17,  2COl ;     2X,  2752;    26,  1045). 

CH  :  N .  NCjHj 

MethyUglyoxal-osazone,  C.FLNH  .  N :  C(CH,)  .  CH  :  N  .  NHC-H.,  melts  at  I4S«  (B. 

.        ,  ,  CH:N.N.C.H. 

26,  2203).    Methyl-glyoxaloiotetrazaney  \  I  ,  melts  at  Io6**-I07*. 

CH.C  =  N .  N .  C-H. 

.     ,       ,  CH:N 

Methyl-glyoxal- osotnazone^  1^  ^NCjIFj,  boils  at  149-150^  (60  mm.)  (B.  21, 

2755)-  Diacetyl -osazone  (formula  above)  melts  with  decomposition  at  236®  (B.  20, 
3184 ;  A.  249,  203).  Diacetyl-osotetrazone  (formula  above)  melts  with  decomposi- 
tion at  169°.  Dincetvl-osotriazone  {iormM\vL.  above)  melts  at  35®  and  boils  at  255®  (B. 
21,  2759).  a-Acetyl-propionyl-hydrazone,  CYifii^ :  NNHCeHsKO  .  C^Hj,  from 
acetyl-propionyl,  melts  at  96-98°.  fi-Acetyl propionyl-hydrazone^  CH,  .  CO .  C( :  N- 
NHCjIi5)C,Il5,  from  ethyl  acetoacetic  acid,  melts  at  I16-I17**.  Acetyl-propionyl 
osazone  melts  at  162°  (R  2X,  1414;  A.  247,  221). 

The  1.3-diketoncs  and  the  1.3-oxymethylene  ketones  (p.  319)  unite  with  hydra- 
zine and  phenylhydrazine,  forming  pyrazoles  (see  these),  which  may  be  regarded  a> 
derivatives  of  the  1.3-olenne  ketols  (A.  279,  237) :  e,  g.^  oxymethylene  acetone  and 

N NH 

hydrazine  yield  3-Methylpyrazole,  ||  I      (B.  27,  954). 

CHj.C.CHrCH 
Acetonyl- acetone,  a  1.4-diketone, and  phenylhydrazine  yield:  Acetonyl acttouosa- 

CH :  C— CH. 
tone,  mtlting  At  120^ f  and  pAePtyliiMtdo-dimetAyl-pyrrolt   |  >NNHC*H.,  melt- 

CH :  C— CH, 
ing  at  90°  and  lioiling  at  270®  (B.  x8,  60;  22,  170). 

a-Hydrazoximes.—  Methyl-glyoxal-phenyl  hydrazoxime^  CH, .  C :  N(NHC^Hj) .  • 
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CH :  NOH,  melting  at  134**,  is  piepartd  by  the  action  of  phenylhydrazine  upon 

iionitroso-acetoacetic  acid.      It  parts  readily  with  water  and  becomes  methyl-n- 

CH  C  1=1  N 
phenyl  osotriazole,       \     _     >fiCfi^  (A.  a6a,  278). 


7.  ALCOHOL-  or  OXY-ACIDS,  C„H^<^q  jj 

Acids  of  this  series  show  a  twofold  character  in  their  entire  deport- 
ment. Since  they  contain  a  carboxyl  group,  they  are  monobcLsic 
acids  with  ail  the  attaching  properties  and  transpositions  of  the  latter ; 
the  OH  group  linked  to  the  radical  bestows  upon  them  all  the 
properties  of  the  monohydric  alcohols.  As  already  indicated  in  the 
introduction  to  the  dihydric  compounds,  these  alcohols  must  be  dis- 
tinguished as  primary,  secondary,  and  tertiary,  according  as  they  con- 
tain, in  addition  to  the  carboxyl  group,  the  group — CH,OH,  char- 
acteristic of  primary  alcohols,  the  radical  =CHOH,  peculiar  to  the 
secondary  alcohols,  or  the  tertiary  alcohol  group  =C .  OH.  This 
difference  manifests  itself  in  the  deportment  of  these  bodies  when 
subjected  to  oxidation.  However,  the  manner  in  which  the  alcoholic 
hydroxyl  group  in  an  alcohol-acid  acts  upon  the  carboxyl  group 
present  in  the  same  molecule  depends  greatly  upon  the  position  of 
these  two  groups  with  reference  to  each  other.  It  is  just  this 
differentiating,  opposing  [K>sition  of  the  two  reactive  groups  which 
induces  class  differences  of  a  distinctly  new  type,  which  are  there- 
fore made  prominent  because  the  oxidations  manifested  by  primary, 
secondary  and  tertiary  alcohols  are  already  known  to  us.  At 
present  they  are  mostly  termed  oxy-  or  kydroxy-fatty  acids,  because  of 
their  origin  from  the  fatty  acids  by  the  replacement  of  an  hydrogen 
atom  by  OH. 

The  '*  Geneva  names*'  are  fonned  by  the  insertion  of  the  syllable  *' ol,"  charac- 
teristic of  alcohols,  between  the  name  of  the  hydrocarbon  and  the  word  acid: 
CH,OH  .  COOH,  ozyacetic  acid,  or  [ethanol  acid^ 

Glycollic  and  ordinary  or  lactic  acid  of  fermenlation  are  the  best 
known  and  most  important  representatives. 

General  Methods  of  Formation. — (i)  Careful  oxidation  (a)  of  di  pri- 
mary, primary  secondary  and  primary  tertiary  glycols  with  dilute 
nitric  acid,  or  platinum  sponge  and  air  : 

CH,.OH  CH,.OH      „^    CHj.CH.OH      _       CH,.CH.OH 

1  +^«  =  J.  +H,0;        ••  -fO,=       'i  -fH,0. 

CH^OH  COOH  CHjOH  COOH 

Glycol  Glycollic  Acid  a-Propylene  Glycol  a-Lactic  Acid. 

{b)  By  the  oxidation  of  oxyaldehydes. 

(2)  The  action  of  nascent  hydrogen  (sodium  amalgam,  zinc  and 
hydrochloric  or  sulphuric  acid)  upon  the  aldehyde  acids,  the  ketonic 
i3 
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acids  (pyroracemic  acid,  CH, .  CO .  CO,H)  and  dicarboxylic  acids 
(oxalic  acid,  CO,H .  CO,H) : 

CH, .  CO .  CO,H  -h  2H  =  CH,  .  CH(OH) .  CO,H 
COOH  .  COOH  -h  4H  =  COOH  .  CH,OH  +  H,0. 

This  reaction  has  been  repeatedly  used  in  preparing  fi-^  y-  and 
^-oxy- acids  from  /9-,  y-  and  ^-ketone  carboxylic  esters. 

(3)  Some  fatty  acids  have  OH  directly  introduced  into  them.  This 
is  accomplished  by  oxidizing  them  with  KMuOa  in  alkaline  solution. 

Only  acids  containing  the  tertiary  group  CH  (a  so-called  tertiary  H-atom)  are 
adapted  to  this  kind  of  transposition  (R.  Meyer,  B.  xx,  1283,  1787;  la,  2238;  A. 
208,  60 ;  220,  56).     Nitric  acid  effects  the  same  as  MnO^K  (B.  14, 1782 ;  16,  2318). 

(4)  By  heating  unsaturated  fatty  acids  with  aqueous  caustic  potash  or 
soda  to  100°  (A.  283,  50). 

(5)  The  transposition  of  the  monohalogen  fatty  acids  with  silver 
oxide,  boiling  alkalies,  or  even  water.  The  conditions  of  the  reaction 
are  perfectly  similar  to  those  observed  in  the  conversion  of  the  alkyl- 
ogens  into  alcohols. 

CH,a .  CO,H  -f  H,0  =  CH,<^Q  jj  +  HCl. 

The  a-derivatives  yield  a-oxy-acids ;  the  /3-deriTatives  are  occasionally  changed  to 
unsaturated  acids  by  the  splitting-ofT  of  a  haloid  acid,  while  the  ^-compounds  form 
7-oxy-acids,  which  subsequently  pass  into  lactones.  7-HaIogen  acids  are  converted 
directly  into  lactones  by  the  alkaline  carbonates. 

(6)  By  the  action  of  nitrous  acid  upon  amido-acids: 

CH,(NH,) .  CO,H  -f  NO,H  =  CH,(OH) .  CO^H  -f  N,  +  H;0. 
Amido-acetic  Acid  Oxyacetic  Acid. 

(7)  The  oxy- acids  can  be  obtained  from  the  diazo-fatty  acids,  on 
boiling  them  with  water  or  dilute  acids. 

(8)  From  the  a-keton-alcohols — €,  g.,  butyroTn  and  isovaleroin  (p. 
317) — on  treating  them  with  alkalies  and  air. 

NucUuS'Synthetic  Methods  of  Formation. — (9)  By  allowing  hydrocy- 
anic acid  and  hydrochloric  acid  to  act  upon  the  aldehydes  and  ketones. 
At  first  oxycyanides,  the  nitriles  of  oxy-acids  (see  these),  are  produced, 
after  which  hydrochloric  acid  changes  the  cyanogen  group  into  car- 
boxy  1  : 

1.  Phase :  CH, .  CHO  -f  NCH  =  CH, .  CH<^]J 

2.  Phase  :    CH, .  CH<^^  -f-  2H,0  =  CH, .  CH<^q  „  +  NH,. 

a-Oxypropionic  Acid. 

In  preparing  the  oxycyanides,  the  aldehydes  or  ketones  are  treated  with  pore  hy- 
drocjr&nlc  acid,  or  we  can  add  pulverized  potassium  cyanide  to  the  ethereal  solatkm 
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of  the  ketone,  and  follow  it  with  the  gradual  addition  of  concentrated  hydrochloric 
acid  (B.  14,  1965;  15,2318).  The  concentrated  hydrochloric  acid  changes  the 
cyanides  to  acids,  the  amides  of  the  acids  being  at  first  formed  in  the  cold,  but  on 
boiling  with  more  dilute  acid  they  sustain  further  change  to  acids.  Sometimes  the 
change  occurs  more  readily  by  heating  with  a  little  dilute  sulphuric  acid.  Ethy- 
lene oxide  behaves  like  acetaldehyde  with  prussic  acid. 

(10)  The  glycol  chlorhydrins  (p.  302)  undergo  a  like  alteration 
through  the  action  of  potassium  cyanide  and  acids : 

1.  Phase  :     CH,  .  (OH)  .  CH.Cl  -f  CNK  =  CH,(OH) .  CH, .  CN  -f  KQ, 

2.  Phase  :   CH, .  (OH)  .  CH,CN  +  2H,0  =  CH,(OH) .  CH, .  CO,H  +  NH,. 

^43xypropionic  Acid. 

(11)  A  method  of  ready  applicability  in  the  synthesis  of  oxyacids 
consists  in  permitting  zinc  and  alkyl  iodides  to  act  upon  diethyl 
oxalic  ester  (Frankland  and  Duppa).  This  reaction  is  like  that  in 
the  formation  of  tertiary  alcohols  from  the  acid  chlorides  by  means 
of  zinc  ethyl,  or  of  the  secondary  alcohols  from  formic  esters  (p.  114) 
— I  and  2  alkyl  groups  are  introduced  into  one  carboxyl  group 
(A.  185,  184) : 

.O.C,HjZn(CH,),         .O.CjHg    Zn(CH«)t        yCH,  h,0  ^CH, 

C^  ■>  C^H,  ^  C^CH,        ^-^C^Ch! 

l'^  |\O.ZnCH,  |\O.ZnCH,  I  \0H 

eo.C,H,  CO,C,H,  C0,C,H5  C0,C,H^ 

Oxalic  Ester  Dimethyl-oxalic 

Ester. 

If  we  employ  two  alkyl  iodides,  two  different  alkyls  may  be  intro- 
duced. 

The  acids  obtained,  as  indicated,  are  named  in  accordance  with  their  derivation 
from  oxalic  acid,  but  it  would  be  more  correct  to  view  them  as  derivatives  of  oxy- 
acetic  acid  or  glycoUic  acid,  CH,(OH)  .  CO,H,  and  designate,  ^.g:,  dimethyl-oxalic 
acid,  as  dimethyl-oxyacetic  acid. 

(12)  When  sodium  or  sodium  ethylate  acts  upon  the  acetic  esters  and  propionic 
esters  it  converts  them  into  /3-ketone  carboxylic  esters,  but  in  the  case  of  butyric  and 
isobutyric  esters  it  produces  the  ether  estere  of  /3-oxy-acids,  such  as  etkoxycaprylic 
ester,  (CH,),CH  .  CH(0C,H5) .  C(CH,), .  CO, .  CjHj,  from  isobutyric  ester  (A.  249, 

54). 

Reactions  in  which  Groups  are  Split  off. — (13)  The  fatty  acids  are  formed  from 

alkyl-malonic  acids,  CRR^(CO,R),,  by  the  withdrawal  of  a  carboxyl  group  (p.  241), 

and  the  oxy-fatty  acids  are  obtained  in  a  similar  manner  from  alkyl  oxymalonic  acids 

or  taxtronic  acids : 

CR(OH)<^^»JJ  =  CRH(OH) .  CO,H  +  CO,. 
Alkyl-tartronic  Acid  Alkyl-oxy-acetic  Acid. 

The  tartronic  compounds  are  synthetically  prepared  from  malonic  acid  esters,  e,  g. , 

CO     CH 
CH,<pQ* '  r^u^t  by  first  introducing  the  alkyl  group  (see  malonic  acid),  then 

replacing  the  second  hydrogen  of  CH,  by  chlorine,  and  finally  saponifying  the  alkylic 
moDOchlor-malonic  ester  with  baryta  (B.  14,  619). 

Isomerism. — The  possible  cases  of  isomerism  with  the  oxy-acids  are 
most  simply  deduced  by  considering  the  oxy-acids  as  the  mono-hydroxyl 
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substitation  prodacts  of  the  &tty  acids.  Then  the  isomerides  are  the 
same  as  the  mono-halogen  &tty  acids,  which  may  be  regarded  as  the 
haloid  esters  of  the  alcoholic  acids  corresponding  to  them. 

Ozyaoetic  or  glyooUic  add  is  the  only  add  whidi  crnn  be  obuined  firom  acetic 
add: 

CHg .  COOH  CHjOH .  COOH 

Acetic  Add  dycoUk  Add  (p.  334)- 

Propionic  add  yields  two  ox  jpropiooic  adds : 


CH, .  OL .  COOH        CH, .  CH  (OH) .  COOH        CH,(OH) .  CH, .  COOH 
rropiooic  Acid  »Oxypropioaic  Acid  ^-Oxypropiooic  Add 

ord.  Lactic  Acid  (p. 335)  Hydracrylic  Acid  (p.  341). 

These  are  disttngnished  as  a-  and  /S-oxTprofNonic  adds  respectively.  The  a-add 
ooDtaxns  an  asjmmetnc  caibon  atom.  Tlieofeticallyy  it  sboold  yield  an  inactive 
▼ariety,  which  can  be  decomposed,  and  two  optically  active  modifications.  These, 
in  (act,  exist. 

Nonnal  butyric  add  yidds  three  and  isobatyric  add  two  mono-caiboxylic  adds : 

CH,.CHrCH,CO,H     CH,.CH,.CH(OH).CO,H   oOxybatyric  Add  (p.  337) 
n-Botyiic  Add  CH,.CH(OH).CH,XO,H   /5-Oxybatyric  Acid  (p.  342) 

CHjOH.  CH,.  CH,.  COOH    y-Oxybutyric  Add  (p.  342) 

^„  ^2«>C(OH).CO,H  .   .     a-Oxyisobutyric  Acid  (p.  337) 

^"»>CH.CO,H  TH* 

libutyricAdd.      HOCh|>^^-^^«"      •    •    •     ^-0»yi«>hutyric  Add  (unknown). 

These  alcohol -adds  are  themselves  divided  into— 
Primary  acids  :  GlycoUic  acid,  hydracrylic  acid,  y-oxybntyric  acid,  ^-oxyisobatyric 

acid. 
Secondary  acids  :  a  Ox3rproptonic  acid,  a-oxybutyric  acid. 
Tertiary  acids  :  a-Oxjrisobutyric  acid. 

Properties, — The  oxy-fatty  acids  containing  one  OH  group  are,  in 
consequence,  more  readily  soluble  in  water,  and  less  soluble  in  ether 
than  the  parent  acids  (p.  245).  They  are  less  volatile  and,  as  a 
general  thing,  can  not  be  distilled  without  undergoing  a  change. 

Deportment, — ( 1 )  The  alcohol-acids  behave  like  the  mono-carboxylic 
acids,  in  that  like  these  they  yield,  through  a  change  in  the  carboxyl 
group,  normal  salts,  esters,  amides  and  nitriles : 

COOK  COOCjH,  CONH,  CN 

iHjOK  (iHjOH  iHjOH  <!;h,oh. 

(2)  The  remaining  OH-group  deports  itself  like  that  of  the  alco- 
hols. Alkali  metals  and  alkyls  may  replace  its  hydrogen.  Acid 
radicals  and  NO,  are  substituted  for  it  by  the  action  of  chlorides  of 
monobasic  acid  radicals  (like  C,H,0 .  CI),  and  a  mixture  of  concen- 
trated nitric  and  sulphuric  acids : 

Aceto-lactic  Acid  Nitro-lactic  Acid. 

■*  VA  of  these  reactions  are  characteristic  of  the  hydroxyl  groups  of 
'ohois  (p.  303). 
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(3)  PCI5  replaces  the  two  hydroxyl  groups  by  chlorine : 

^"«<CO .  OH  +  ^^^  =  ^^«<C0.  a  +  ^^^^  +  *"^'*' 

GlycoUk  Add  Glycolyl  Chloride,  or 

Chloracctyl  Chloride. 

The  acid  chlorides  corresponding  to  the  oxy-acids  are  not  known. 
Instead  of  these  we  get  the  chlorides  of  the  corresponding  mono- 
chlor- fatty  acids,  in  which  the  chlorine  in  union  with  CO  is  very 
reactive  with  water  and  alcohols,  yielding  free  acids  and  their  esters ; 
in  the  case  cited,  monochlor-acetic  acid,  CHtCl .  COsH,  and  its  esters 
result.  The  remaining  chlorine  atom  is,  on  the  contrary,  more  firmly 
united,  as  in  ethyl  chloride. 

In  addition  to  ethyl  glycollic  ester  there  are  ethyl  glycollic  acid  and 
ethyl  etho-glycoUic  ester : 

Ethyl  Glycollic  Ethyl  Glycollic  Ethyl  Etho^lycollic 

Ester  Acid  Ester. 

Alkalies  cause  the  alkyl  combined  with  CO,  to  separate,  forming 
ethyl  glycollic  acid. 

(4)  The  oxy-acids  are  reduced  to  their  corresponding  fatty  acids 
(p.  240)  when  they  are  heated  with  hydriodic  acid. 

(5)  ^hile  in  the  preceding  transpositions  all  the  oxy-acids  react 
similarly,  the  primary,  secondary  and  tertiary  alcohol-acids  show 
marked  differences  when  they  are  oxidized. 

(tf)  The  primary  oxy- acids  yield,  by  oxidation,  aldehyde  acids: 

CH,  .OH  CHO  CO .  OH 

io.OH         ^^  CO.  OH     *°        (io.OH. 

Glycollic  Acid  Glyoxylic  Acid  Oxalic  Acid. 

(^)  Tiie  secondary  oxy-acids  yield  ketonic  acids:  the  a-ketonic 
acids  change  to  aldehyde  and  CO,,  the  ^-ketonic  acids  to  ketones 
and  CO,: 

CO,H  CO,H  CO, 

I  ^  I        ^ 

CH, .  CHOH  CHjCO  CH, .  CHO. 

{/)  Tertiary  a-oxy-acids  yield  ketones : 

^2«>C(0H) .  CO,H  +  O  =  cH*>^^  +  ^^«  +  ^«^- 

(6)  The  a-oxy-acids  undergo  a  like  decomposition  when  heated  with  dilate  sulphuric 
or  hydro€hl<»ic  acid  (or  by  action  of  concentrated  H,S04).  Their  carboxyl  group 
is  remoTed  as  formic  acid  (when  concentrated  H^SO^  is  employed,  CO  and  H,0  are 
the  products) : 

(CH,)»C(OH) .  C0,H    =(CH,),CO    -f  HCO,H 
CH, .  CH(OH) .  CO,H  ==  CH, .  CHO  -f-  HCO,H. 

Another  alteration  is  sustained  by  the  o-ozy-actds  at  the  same  time ;  it,  howeTei, 
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does  not  extend  far.  Water  is  eliminated  and  unsaturated  acids  are  prodoced. 
This  change  is  easily  effected  when  PCI,  is  allowed  to  act  on  the  esters  of  a-oxy- 
acids  (p.  277). 

(7)  Especially  interesting  is  the  deportment  of  the  a-,  fi-,  /,•  or  doxy-acids  in 
respect  to  the  exit  of  water  from  carboxyl  and  alcoholic  hydroxy!  groaps. 

{a)  The  a-oxy-atids  lose  water  when  they  are  heated  and  become  cyclic  double 
esters — the  lactides — ^in  the  fonnation  of  which  two  molecules  of  the  a-oxy-acid 
have  taken  part : 

cdoH  HO.CH.CH,  __  CO.O.CH.CH, 

CH.tHOH    "^     ^Jjhio  ""   CHjCHO— io  +^    «    • 

*-Ozypropioifit  Acid  or'^cttc  Acid  LacUde. 

(b)  When  the  p-oxy-acids  are  heated  alone,  water  b  withdrawn  and  unsaturated 
acids  are  the  products  (p.  277) : 

CH,(OH) .  CH, .  CO,H  =  CH, :  CH  .  CO,H  +  H,0. 
^<)x3^^opionic  Acid  Acrylic  Acid. 

Hydracrylic  Acid 

(r)  The  y-  and  ^-oxyacids  lose  water  at  the  ordinary  temperature, 
and  change  more  or  less  completely  into  simple  cyclic  esters — the  y- 
and  ^  lactones. 

The  a-,  /3-,  y-  and  d-amido-caiboxylic  acids  corresponding  to  the  a-,  jS-,  y-,  and 
(5-oxy-acids  show  differences  similar  to  those  manifested  by  the  latter. 


STRUCTURE  OP  NORMAL  CARBON  CHAINS  AND  THE  FORMATION  OP 

LACTONES. 

The  peculiar  differences  in  the  deportment  of  the  a-,  /?-,  y-  and  <f-oxy>acids  when 
they  split  off  water  have  contributed  to  the  development  of  a  representation  of  the 
spacial  arrangement  or  conBguration  of  carbon  chains  (B.  15,  630).  The  assump- 
tion that  the  atoms  of  a  molecule  not  linked  to  each  other  in  a  formula  can  exert 
an  affinity  upon  one  another  has  led  to  the  idea  that,  in  a  union  of  more  than 
two  C  atoms,  these  atoms  arrange  themselves  not  in  a  straight  line,  but  upon  a 
curve.  We  can  then  comprehend  that  cyclic,  simple  ester  formation  can  not  take 
place  between  the  first  and  second  carbon  atoms,  rarely  between  the  second  and  third 
(in  aromatic  oxy-acids),  and  readily  between  the  first  and  fourth  or  first  and  fifth 
carbon  atoms,  which  have  approached  so  near  to  each  other  that  an  oxygen  atom  is 
capable  of  bringing  about  a  closed  ring  (see  ethylene  oxide,  p.  298,  and  tri-methylene 
oxide,  p.  299,  as  well  as  the  strain  theory  of  ▼.  Baeyer  in  the  introduction  to  the 
carbocyclic  derivatives). 


A.  SATURATED  OXYMONO-CARBOXYLIC  ACIDS.  OXYPARAFPIN  MONO-CAR- 

BOXYLIC  ACIDS,  a-OXY-ACIDS. 

(i)  GlycoUic  Acid, Oxy-acetic Acid [Ethanol  Acid],  CH,.OH.- 
COOH,  melting  at  So**,  occurs  in  unripe  grapes  and  in  the  leaves  of 
Ampelopsis  hederacea. 

'history. — GlycoUic  acid  was  first  obtained  in  1848  by  Strecker  from  amidoacetic 

r  glycocoll — ^hence  the  name — according  to  the  sixth  method  of  formation 

).     In  1856  Debus  discovered  it  together  with  glyoxal  and  glyoxylic  acid 

the  oxidation  products  obtained  from  ethyl  alcohol  by  the  action  of  nitric 


GLYCOLLIC  ACID.'     LACTIC  ACID   OF  FERMENTATION.  335 

acid.  Wiirtz  in  1857  obsenred  its  formation  io  the  oxidation  of  ethylene  glycol^  and 
Kekul6  in  1858  showed  how  it  could  be  made  by  boiling  a  solution  of  potassium 
chloracetate  (A.  X05,  286;  compare  B.  x6,  2414  ;  A.  200,  75  ;  B.  a6,  R.  606). 

It  is  also  produced  by  the  action  of  caustic  potash  (p.  320)  on 
giyoxal^  by  the  reduction  of  oxalic  acid  (second  method  of  formation, 
p.  329),  and  from  diazoacetic  ester  by  the  seventh  method  of  forma- 
tion. Its  nitrile  results  when  prussic  acid  acts  upon  formaldehyde 
(ninth  method),  and  is  converted  by  hydrochloric  acid  into  glycollic 
acid.  It  also  appears  in  the  oxidation  of  glycerol  and  glucoses  by 
silver  oxide. 

Glycollic  acid  crystallizes  from  acetone.  It  is  very  soluble  in  water 
and  alcohol.  Diglycollide  and  polyglycollide  (p.  339)  are  produced 
when  it  is  heated.     Nitric  acid  oxidizes  it  to  oxalic  acid. 

Calcium  Salt,  (CH,0HC0,)aCa+3H,0.  Ethyl  Ester,  CH,OH.  CO,- 
CHj,  boils  at  160°. 

(2)  Lactic  Acid  of  Fermentation,  a-Oxypropionic  Acid,  Ethi- 
dene  Lactic  Acid,  [d+1]  Lactic  Acid  [2-Propanol  Acid],  CHsCH- 
(OH)CO,H,  melting  at  18°  and  boiling  at  120°  (12  mm.)  (B.  28, 
2597),  is  isomeric  with  ^oxypropionic  acid,  hydracrylic  acid,  or  [3- 
propanol  acid^  CH,OH .  CH,CO,H,  which  will  be  discussed  later  as 
the  first  /9-oxy-acid. 

Lactic  Acid  is  formed  by  a  peculiar  fermentation,  the  lactic  acid 
fermentation  of  milk-sugar,  cane-sugar,  gum  and  starch.  It  is,  there- 
fore, contained  in  many  substances  which  have  soured, — ^'g*f  in  sour 
milk,  in  sour-kraut,  pickles,  also  in  the  gastric  juice. 

Methods  of  Formation. — The  acid  is  artificially  prepared  by  the 
methods  already  described :  (i)  from  a-propylene  glycol ;  (2)  from 
pyroracemic  acid ;  (5)  from  a-chlor-  or  brom-propionic  acid ;  (6)  from 
alanine;  (9)  from  acetaldehyde  and  prussic  acid;  (13)  by  heating 
isomalic  acid,  CH,C(OH)(COOH),  (B.  26,  R.  7). 

Other  methods  consist  in  heating  grape-sugar  and  cane-sugar  with  water  and  2-3 
parts  barium  hydrate  to  160°,  and  ^-dichloracetone,  CH,  .  CO .  CHCl,,  with  water 
10200**. 

Lactic  Acid  Fermentation. — ^This  fermentation  is  induced  in  sugar  solutions  by  a 
peculiar  ferment,  the  lactic  acid  bacillus,  which  is  present  in  decaying  cheese.  It 
proceeds  roost  rapidly  at  temperatures  ranging  from  35-45^.  It  is  noteworthy  that 
the  bacillus  alluded  to  is  very  sensitive  to  free  acid.  The  fermentation  is  arrested 
when  sufficient  lactic  acid  is  produced,  but  is  again  renewed  when  the  acid  is  neu- 
tralized. Therefore,  zinc  or  calcium  carbonate  is  added  at  the  very  beginning,  and 
the  lactic  acid  thus  obtained,  either  as  the  calcium  or  zinc  salt.  Should  the  fermen- 
tation continue  for  some  time  the  lactic  will  pass  into  butyric  fermentation,  the  insol- 
uble calcium  lactate  will  disappear,  and  the  solution  will  at  last  contain  calcium 
botyrate  (compare  n-butyric  acid,  p.  247). 

History. — Scheele  discovered  (1780)  lactic  acid  in  sour  milk.  In  1847  Liebig 
demonstrated  that  the  sarcolactic  acid  found  by  Berzelius  (1808)  in  the  juices  .of 
the  muscles  was  different  from  the  lactic  acid  of  fermentation.  WUrtz  (1858) 
described  the  formation  of  fermentation  lactic  acid  from  a-propylene  glycol  and  air  in 
the  presence  of  platinum  black,  and  recognized  that  it  was  a  dibasic  acid.  Kolbe 
(1859^  obtained  lactyl  chloride  by  the  action  of  PCI5  upon  calcium  lactate.  This 
body  IS  identical  with  chlorpropionyl  chloride,  and  lactic  acid  is  therefore  monobasic 
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TH«  ^nlrmm  utU.    ^-^Hfy  Xm  —  5H,0.  is  lobibic  at  In 
it  w^rj  r^^^^'j  'ti*'«*#«  •/!  07  art  wairr. 

T.'v;  u»9^  tau.    <  .H/>j  ^  ^  jH^O.  disaoives  at  5S  pHteof  eoid  ibiI  6  parts  hot 
WJf^.      Th<  /r^wf  ;*j*y,    (^i^'j^^^  f  c  —  3H/J. 

The  Opticatty  Acthre  Liactic  Acids. 

The  optical'./  inactive,  fermentatioa  lactic  add  contains  an  asyni- 

m^Xxu.  <.xx\/>x\  atom  indicated  io  the  fonnula  CH,.  CH  .  OH .  CO,H 
by  \\\f  %u\%\\  %far.  The  acid  can  be  resolved  by  strychnine  into  two  op- 
timally a/ tive  f:ompr>nents, — dextrolactic  acid  and  Isvolactic  acid, — 
with  ^irfiilar  hut  (yy\t(y%\xt  rotatory  power.  The  strychnine  salt  of  the 
)»yo  wm\  cryHtall  izes  out  first  (B,  25,  R.  794)-  Therefore,  in  the  follow* 
in^  \^V>f%  thryse  <(ulMtances  will  be  called  optically  inactive  which  can 
fif  rrsolvcrl  into  or  formed  from  two  optically  active  isomerides,  called 

(//  f   /]  morlificationA.     On  mixing  solutions  of  equal  quantities  of 
(pvo  nrirl  rlcxtro- lactate  of  zinc,  the  zinc  salt  of  fermentation  lactic 
Ullic  procliKxd,  and,  being  more  insoluble,  will  crystallize  out. 
tro-  modification  will  remain,  if  Penicillium  glaucum  is  per- 
)  grow  in  the  solution  of  inactive  ammonium  lactate  (6.  x6. 
The  1 86 vo- rotatory  modification  is  produced  in  the  breaking 
a  cane-sugar  solution  by  Bacillus  acidi  lavolactici  (fi.  24,  R. 
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Sarcolactic  Acid,  Dextrolactic  Acid^  Pat  atactic  Acidy  discovered 
in  1808  by  Berzelius  in  the  juice  of  the  muscles,  and  shown  by 
Liebig  (1848)  to  be  different  from  the  lactic  acid  of  fermentation, 
is  present  in  different  animal  organs.  It  is  most  conveniently  obtained 
from  Liebig's  beef  extract. 

Dextro  and  laevo-lactates  of  zinc  crystallize  with  two  molecules  of 
water — (CjHjOs^Zn  -f  2H,0.     For  other  salts  consult  B.  29,  R.  899. 

Homologous  a-Ozy-acids. — The  homologous  a-oxy-acids  are,  from  the  very 
nature  of  things,  either  secondary  or  tertiary  alcohol  acids.  Glycollic  acid  is  the  only 
primary  a-alcohol  acid,  (a)  The  secondary  alcohol  acids  are  generally  formed  ( I ) 
from  the  corresponding  a-halogen  fatty  acids  (method  5);  (2)  nucleus-synthetic^ 
from  aldehydes  and  prussic  acid,  and  subsequent  saponification  of  the  nitrites  of  the 
oxy-acids  by  means  of  hydrochloric  acid  (method  9) .    [b)  The  tertiary  oxy-acids  result 

(1)  From  the  oxidation  of  dialkyl-acetic  acid  (general  method  3). 

(2)  Upon  treating  a-ketone  alcohols  with  alkalies  and  air  (method  8,  p.  330). 

(3)  By  the  action  of  prussic  acid  and  hydrochloric  acid  upon  ketones  (method 

9)- 

(4)  When  zinc  and  alkyl  iodides  react  with  oxalic  ester  (method  li,  p.  331)- 
Ozybutyric  Acids.— Four  of  the  five  possible  isomerides  are  known;  two  of  these 

are  a-oxy  acids:  (l)  aOxybutyric  Acid,  CH,.  CH,  .  CH(OH)CO,H,  melting  at  430, 

has  been  resolved  by  brucine  into  its  optically  active  components  (B.  28,  R.  278,  325, 

725).     (2)  a-Oxyisobutyric  Acid,  Butyl-lactinic  Acid,  Acetonic  Acid,  Dimethyl-oxalic 

Add  [2Methyl-2-propanol  Acid],  rCHj^,C(OH)COOH,  melting  at  79°  and  boiling 

at  212°,  is  obtained  from  dimemyl -acetic  acid,  from  acetone  and  from  oxalic  ester 

(see  above) ;  hence  the  names  acetonic  acid  and  dimethyl-oxalic  acid.    It  is  produced 

when  ^-isoamylene  glycol  is  oxidized  by  nitric  acid,  and  is  obtained  from  a-brom-  and 

a-amidobutyric  acid,  as  well  as  from  acetone  chloroform. 

OH 
Acetone  Chlorofonn,  (CH,),C<a.q  ,  liquid  modification,  boiling  at  170®.  the 

solid  modification  {-{-ly^Yifi)  melting  at  79^  and  boiling  at  167°,  is  a  remarkable 
derivative  of  aoxyisobutyric  acid.  It  is  the  chloride  of  ortho-a-oxyisobutyric  acid 
(p.  224),  which  bears  the  same  relation  to  a-oxyisobutyric  acid  as  chloroform  to  formic 
acid.  It  is  converted  by  aqueous  alkalies  into  a-oxyisobutyric  acid.  By  the  action 
of  chloroform  and  caustic  potash  the  liquid  modification  is  first  produced,  which  takes 
up  water  in  moist  air  and  changes  to  the  solid  variety  (Willgerodt,  B.  20,  2445  ;  29, 
R.  908). 

a  Oxyvaleric  Acids : 

fl-Oxy-n-valeric  Acid,  CH, .  CH, .  CH, .  CH(OH)  .  COjH,  melts  at  28-290  (B. 
18,  R.  79). 

.  a-Ozyisovaleric  Acid,  (CH,),.  CH.  CH  (OH) .  CO,H,  melts  at  86«  (A.  205, 
2S;  B.  28,296). 

Methyl-ethyl  Glycollic  Acid,  ^^  >C(OH) .  CO,H  (A.  204,  18). 

Ozycaproic  Acids,  C,Hj,0,  =  (!glf„(OH) .  CO,H. 

o-Ozycaproic  Acid,  CH,.  (CHOj.CH (OH)  .CO,H, is  probably  the  so-called 
leacic  acid,  obtained  from  leucine  by  the  action  of  nitrous  acid.  It  melts  at  73^ 
(Strecker,  1848). 

a-Oxyisofmtylacetu  Acid,  (CH,),CH .  CH,CH(OH)CO,H,  melting  at  54**,  is 
obtained  from  inactive  a-amidoisobutyl -acetic  acid,  or  isoleucine  (B.  26,  56).  aOxy- 
diethyl-aceHc  Acid,  Diethyl-oxalic  Acid.  (C,H.),C(OH)CO,H,  melts  at  80°  (A.  aoo, 
21).  a-Oxytertiary-butylaceHc  Acid,  (CH,),^ .  CH(OH,CO,H,  by  the  reduction  of 
tximetbyl-pyroracemic  acid,  melts  at  87^  (see  this). 
29 
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a-Ozycaprylic  Acids,  a-Oxy'n'<aprylU  ^^V/,  CH,(CH,)5CH{0H)C0,H.  from 
oenaDthol,  melts  at  69.5^.  Di-n-propyl  Gfycollic  Acid^  a-Oxy-di-n-propyl^acetic 
Aeid^  ((^H,),C(OH)  CO,H,  from  butTToin  (p.  317),  melts  at  72®  (B.  24,  1273). 
Di-iscprepyi  Oxalic  Acid,  aOxy-di-isopropyl-acetic  Acid,(C,H.),C(OH)CO,H,  melts 
at  III"  (B.  28,  2463).  Diisobuiyl  GfycoUic  Acid  {Cfi^)p^Yi)QOJA,mei\&2X 
114^'. 

a-Brom-fatty  adds  have  yielded  the  following:  a-ozymyristic  acid  C|,H^(OH^  ■* 
CO,H,  melting  at  51®  (B.  22,  1747);  a-Oxypalmitit  Acid,  Ci4H,o(OH)CO,n, 
melting  at  82^  (B.  24, 939)  ;  a-Oxystearic  Acid^  C|,Hm(OH)CO,H,  melting  at  84-^6° 
(B.  24,  2388). 

In  the  following  pages  those  a-oxy-acid  deriTatiTes  will  be  described  which  belong 
to  glycollic  and  lactic  adds. 

Alkyl  Derivatives  of  the  a-Ozy-acids. 

A  single  a-oxy-add  yields  three  kinds  of  alkyl  deriratiTCs:  ethers^  esters  and 
ether-esters  : 

COOH  COOH  CXXX:,H4  COOCjH, 

iHjOH  iHj.O.CjHj  iHjOH  ciH,.o.c;Hj. 

Glycollic  Ethyl  Glycollic  Glycollic  Ethyl  Ethyl  Glycollic 

Acid  Acid  Ester  Ethyl  Ester. 

(i)  The  alkyl  ethers  of  the  a-oxy -acids  are  obtained  (l)  by  the  action  of  sodinm 
alcoholates  upon  salts  of  the  a -halogen  substitution  products  of  the  fatty  acids ;  (2) 
by  the  saponification  of  the  dialkyl-ether  esters  of  the  a-oxy- acids. 

Methyl-ether  Glycollic  Acid,  CH,OCH,  •  COOH,  boils  at  198®.  Ethyl  Glycollic 
Acid  boils  at  206-207 <».  a-Ethoxyl-propionic  Acid,  CH,CH(OC,Il4).  CO,H,  boils 
with  partial  decomposition  from  195-198''. 

(2)  Alkyl  Esters  of  the  o-oxy-acids  result  (i)  on  heating  the  free  acids  with  abso- 
lute alcohol ;  (2)  when  the  cyclic  double  esters,  the  lactides,  are  heated  with  alcohols. 
GlycoUic  Methyl  Ester,  CH,(OH)COOCH,,  boils  at  151®.  Glycollic  Ethyl  Ester 
boils  at  1600.  Lactu  Methyl  Ester,  CH,CH(OH)CO,CH„  boils  at  145®.  Lactic 
Ethyl  Ester  hoWs  at  154.5^ 

(3)  The  dialkyl-ether  esters  of  the  a-oxy-acids  are  produced  (i)  when  sodium  alco- 
holates act  upon  the  esters  of  a-halogen  fatty  acids ;  (2)  by  the  interaction  of  alkyl- 
ogens  and  the  sodium  derivatives  of  Uie  alkyl  esters  of  the  aoxy-acids. 

Methyl  Glycollic  Methyl  Ester,  CH,(OCH,) .  COOCH„  boils  at  I27«». 

Ethyl  Ester  boils  at  131®. 

Ethyl  Glycollic  Methyl  Ester,  CH,(0 .  C,H4)C0 .  OCH„  boils  at  I48».  Ethyl 
Glycollic  Ethyl  Ester  boils  at  152®  (B.  17,  486).  Methyl  Lactic  Methyl  Ester,  CH3- 
CH(OCH,)COOCH,,  boils  at  135-138®.  Ethyl  ester  boils  at  135.5**.  ^^^y^  Lactic 
Ethyl  Ester,  CH, .  CH(OC,Hj)  .  COOC,Hj,  boiU  at  155®  (A.  197,  21). 

Anhydride  Formation  of  the  a-Oxy-acids. 

The  ethers  of  the  alcohols  may  be  considered  as  their  anhydrides, 
for  they  sustain  the  same  relation  to  the  alcohols  as  the  anhydrides  of 
the  mono-carboxylic  acids  bear  to  the  latter.  When  in  the  an- 
hydride formation  one  molecule  of  an  alcohol  and  a  molecule  of  a 
carboxylic  acid  combine,  the  product  is  an  ester.  As  the  a-alcohol 
acids  exhibit  both  the  character  of  a  carboxylic  acid  and  that  of  an 
alcohol;  it  is  possible  to  have  all  these  varieties  of  anhydride  forma- 
"  occurring  with  an  a-oxy-acid.  Glycollic  acid  has  been  most 
ighly  studied  in  this  direction. 


ANHYDRIDES.      LACTIDES.  339 

1.  O^pfr'  *  roQH   Alcohol  anhydride  of  glycollic  acid  :   Digly collie  Acid, 

2.  UQ  *  ch'co^^    Glycollic  anhydride  is  not  known. 

3.  0<Cr2u Vq^O       Alcohol-   and    acid-anhydride   of  glycollic  acid :   Diglycollic 

'  Anhydride. 

4.  tiQ*  cO*CH  -^^  Open  ester  acid  :   Glycollo-gly collie  Acid. 

5.  0<^qA.j|  >0       Closed,  cyclic   double  ester  of  glycollic  acid  :     Glycollide, 

'  simplest  Lactide, 

Diglycollic  Acid,  C^H^O^,  the  alcohol  anhydride  of  glycollic  acid  is  formed 
on  boiling  monochloracetic  acid  with  lime,  baryta,  magnesia,  or  lead  oxide  (also 

with  glycolUc  acid),  and  in  the  oxidation  of  diethylene  glycol,  0<^2« '  ^^«  *  qJJ 

(p.  295).     Diglycollic  acid  crystallizes  with  water  in  large  rhombic  prisms,  which 

melt  at  148^. 

CH  CO 
Diglycollic  Anhydride,  0<^^pq>0,  melting  at  97®  and  boiling  at  240°,  is 

isomeric  with  glycoUide.  It  is  obtained  from  glycollic  acid  by  a  simultaneous  alcohol- 
anhydride  and  acid-anhydride  formation.  It  ^so  results  upon  heating  diglycollic  acid, 
or  by  boiling  it  with  acetyl  chloride  (A.  273,  64). 

DilaetylU  Acid,  0(CH, .  CH  .  COOH),,  has  received  little  attention. 

GlycoUo-gycollie  Acid,  CH-(OH).COOCH,COOH,  generally  termed  glycollic  anhy- 
dride, and  LaetylolacHc  Acid,  CH,CH(OH)COOCH(CH5)COOH,  commonly  called 
lactic  anhydride,  have  not  been  well  studied.  They  are  produced  when  the  free 
a-ox3^acids  are  heated  to  loo^.  They  constitute  intermediate  steps  in  the  lactide 
formation  (B.  23,  R.  325). 

Lactides:  Cyclic  Double  Esters  of  the  a-Ozyacids. 

CH  CO 
Digfycollide,0<^Qf^^  Q^  >0,  melting  at  86°,  is  produced  when  polygly collide  is 

distilled  under  greatly  reduced  pressure.  When  heated  at  the  ordinary  pressure,  or 
if  preserved,  it  reverts  to  polyglycollide,  from  which  it  differs  by  its  lower  melting 
point  and  ready  solubility  in  ch  oroform.     It  combines  readily  with  water  (A.  279, 

45)- 

Polyglycollide,  (C,H.O,)x,  melting  at  223°,  is  formed  on  heating  glycollic  acid, 

and  when  dry  sodium  chloracetate  is  heated  alone  to  150°.     It  passes  into  glycollic 

esters  when  heated  with  alcohols  in  sealed  tubes  (A.  279,  45). 

Lactide,  0<^^^^j}^9>0,  melting  at  125°,  boiling  at  255°  (760  mm.),  I38« 

(12  mm.)  (B.  38,  2595),  results  on  heating  lactic  acid  under  diminished  pressure.  It 
can  be  recrystallized  from  chloroform  (A.  167,  318 ;  B.  25,  35  ii).  See  B.  26,  263 ; 
A.  279,  100,  for  homologous  lactides. 

COOCH, 
Cyclic  Ether  'E^Xtxz.— Glycollic  Ethylene  Ester,    \        i       ,  melts  at  31®,  and 

CHjOCHj 

boils  at  214°  (B.  17,  2945). 

COO 
Methylene  Lactate,  >CH„  boils  at  153°  (B.  28,  R.  180). 

CHgCHO 

COO 
Lactu  Ethidene  Ester,  1        >CH .  CHj,  boiling  at  isi^*,  is  produced  when 

lactic  acid  and  acetaldehyde  are  heated  to  160°.  Its  hexachlor-derivative  is 
chloralide  (p.  340). 

Acid  Esters  of  the  a-Ozyacids  (pp.  144,  300). 

Nitric  LacHc  Ester,  Nitrolactic  acid ,  CH, .  CHO(NO,) .  COOH,  is  a  yellow  liquid, 
decomposing  at  the  ordinary  temperature  into  oxalic  and  prussic  acids  (B.  X2,  1837). 


:  Add,  CH-a.CH- 

3ZKIC'.   Tboctkrec acids hav« 
■  Midiiie  ■>  cp*b7<ltiiuc  or 


CH,CH  O  CH,C).  aod  a^blor- 
^TKcd  HNO,  1  B  veil  IS  b]P  the 
■     .->nAi:..x^i<i   Kac   K    *c^':ic  m^     U(aWi  nk  a-cUcffajdruiylic 

^  ^   ^«  r«>v»  I  sn:  i"*anc  ki^  :  v^^  ntmaA  vitb  brdriodk  aod  it 

..  .  1  -.   .^  >:•.-*!  .   ns  at  cciicBC  ou3c  h  obuiaed  Aoa  gljcolchlor- 

.    -,-    ^-,T«  j.-^-Aj>«  fr.\i^-is  ef  liu  »-ti:eyniriJt  have  been 

.  ^-,_    ,   ..c  irk;^  :rei:3»e=:  o:  hi.-fren  aidehydes,  litcdichlor- 

~  -    .:.    -1-.  br.=al.  atrt  tnchi.rbciyric  aldehyde  with  hydro- 

,.  .  tM  .-.  ir^cilrric  ac-d.     Tricblorlactic  add  has  beeo  the 

^■■„^.—.«*  Ac*!.  I  ;•!■-",   CH.OHj  .a^H,  aefajM  77". 

_^-t;aa»i«Ctic  Acid,  CCI,.CHv^OH).CO,H,  melts  at   105"- 

i^    >  ii.v-r.<    in  «a:er.  alcohoi  and  cihcr.     Aikalics  easily 

_'      -.-    c.i.rji.   criloroiorm    and    formic    acid.      Zinc    and 

^-  »;  ^  ;ev:L:ce  it  to  dichlor-  and  mono-chloracrylic  acids 

,5  f :-» !  c*:fr  melts  at  66''-67°,  and  boib  at  235°.     The 

-v    -^"  r''e'.^t;rg  it  consists  in  heating  chloral  cyan  hydrin 

~  .  ircV.::  h^tic  acid  or  HCl  (B.  18,  754). 

"c-t'-.v'aciK  Kid  jie'ids  cfalonl  witbovt  dilBcaltj,  it  it  ooDTcrtcd  quite 
'*'''  into  dFTimins  of  lAlonl  and  glfoxal.     It  foniu 

uiuiF.  md  gljcosin  wilb  anuDooia  (p.  331,  and  B.  17, 

■tAUrlaaii^£iUr,Ca,.CH<iJ^  >CH  .  CO,,  was' 

ith  rsming  salphujic  add  to  105°,  and  subsequently 

.    ted  to   150°  with  eiceu  of  chloral.     It  mell^  it 

■-.ed  to  140°  with  alcohol,  it  breaks  an  ioto  trichlor- 

coiolatr  (Wallach.A.  193,  l).     Chloral  also  QDilei  vilh 

Xt  gljcoUic,  maUc,  saJicrlic,  etc.,  fonning  the  so-called 


ichlorlflctic   Eater,  CCI,CH<'-J^'>CCI . CQ,  boiling  U 
143°  and  uoitei  with 


irnori  uf  PCL  Dpoo  cblonlide  (A.  ajs,  i 

C)li,.t-il{OH).CO,H.ni  ■ 
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TrichlorvalcroUctinic  Acid,  CH, .  CO, .  CHCl.CH(OH) .  CO,H,  melts  at  140* 
(A.  X79  99). 

/9-Oxycarboxylic  Acids. 

Generally  the  /?-oxycarboxylic  acids,  when  heated,  part  with  water 
and  become  unsaturated  olefine  carboxylic  acids : 

CHjOH .  CH, .  CO,H  -"*^     >  CH,  =  CHCO,H 

Ethylene  Lactic  Acid  or  Hydracrylic  Acid  Acrylic  Acid. 

In  the  case  of  the  higher  homologues  of  ethylene  lactic  acid,  when 
water  is  eliminated,  both  ap-  and  ^^-olefine  carboxylic  acids  (B.  26, 
2079)  result.  The  a-diaikyl-p  oocybutyric  acids,  resulting  from  the 
reduction  of  dialkyl  acetoacetic  esters,  decompose  with  difficulty  on 
the  application  of  heat:  the  products  being  aldehyde  and  dialkyl 
acelic  adds  : 

CH,CH(0H)C<9^^^  =CH,.CHO+  (C2H5),CHCO,H 
a^Dietbyl-/}-oxybutyric  Acid  Diethyl  Acetic  Acid. 

^-Oxyacids  are  produced  (method  i)  in  the  oxidation  of  primary- secondary  and 
primary- tertiary  glycols;  (method  2)  (p.  329)  by  the  reduction  of /3-ketone  carboxylic 
eaters  (secondary  oxyacids),  and  (method  3)  on  boiling  /?/-  or  A,-olefine  carboxylic 
acids  with  caustic  soda.  Furthermore,  zinc  and  the  esters  of  the  monohalogen  fatty 
acids — e.g.,  bromisobutyric  ester — combine  with  aldehydes  (isobutyl  aldehyde)  to 
form  secondary  ^-oxyacids,  and  with  ketones  to  form  tertiary  /3-oxyacids  (B.  a8, 
2838,  2842). 

Ethylene  Lactic  Acid,  Hydracrylic  Acid  [3-Propanol  Acid], 
CH,(OH).CH,.COjH,  is  isomeric  with  ethidene  lactic  acid  or  the  lactic 
acid  of  fermentation,  and  is  obtained  (i)  by  the  oxidation  of  trimethyl- 
ene  glycol ;  (2)  from  /9-iodpropionic  acid,  or  /9-chlorpropionic  acid, 
with  moist  silver  oxide  ;  (3)  from  acrylic  acid  by  heating  with  aqueous 
sodium  hydroxide  to  100° ;  (4)  by  the  saponification  of  ethylene 
cyanhydrin  with  hydrochloric  acid.  This  reaction  completes  the 
synthesis  of  ethylene  lactic  acid  from  ethylene : 

CHjCN ^CHjCOjH 

^  tHjOH  ^  iHjOH 


iC  free  acid  yields  a  non-crystallizable,  thick  syrup.  When  heated 
alone,  or  when  boiled  with  sulphuric  acid  (diluted  with  i  part  H^O), 
it  loses  water  and  forms  acrylic  acid  (hence  the  name  hydracrylic  acid. 
Hydriodic  acid  again  changes  it  to  /9-iodpropionic  acid.  It  yields 
oxalic  acid  and  carbon  dioxide  when  oxidized  with  chromic  acid  or 
nitric  acid. 

The  sodium  scUt,  C^HgOjNa,  melting  at  142-1430,  and  the  calcium  salty  (CjHjO,),- 
Ck  +  2H,0,  fusing  at  140-145®,  when  heated  above  their  melting  poinu  pass  into  the 
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le  tine  sail,  (C,H,0  ),Zn  -f  4H,0,  li  Mtlnble  in 
:t  precipitates  liac  a-u^tste  and  pinlactate. 


/5-Oiybutyric  Acid  [j-Hulanol  Add],  CH,.CH(OH).CH,.  CO,H  (compare 
p.  332  for  Ibe  isomerism],  is  formtd  b;  the  aclioD  of  lodium  unalnin  iqton  aceto- 
BCetic  ester  (see  tbis),  bj  the  oxidation  of  aldol  (p.  321)  with  ailTer  oxide,  and 
from  a  propylene  chloibydrin,  CH,.  CH(OH) .  CH,a,  try  the  action  of  CNK 
and  subsequent  saponiftcBtion  of  ihe  cyanide.  It  is  a  thicli,  Don -crystal  liuble 
syrap,  which  vototilizes  with  steam.  When  heated  the  acid  decomposes  (like  all 
^-oxy-ncid!',  p.  334)  into  water  and  crotonic  acid,  CIl,.  CH:CH.CO,N.  An  opO'- 
cslly  aaive  ^oiybutyric  acid   has  been   isolated  from  diabetic  mioe   (B.   iS,  R. 

" '&.O.yisol,utyru  A.U.  HOCH,^cHCO.H.  is  no.  know-. 

(i-Oxy-n-val,ric  Add,  CH, 'cH,.  CH(OH) .  CH,.  CO.H  {A.  aSg,  74,  94). 
a-Melkyl-?-BxybulyrU  Add,  CH,.CH(OH) .  CH(CH,) .  CO.H  (A.  ajo,  344). 
fl-Oi)-isevaltrit  -^cilrf.  (CH,),C(OH)CH, .  CO, H,  results  when  iMbutyl  fbimic  add 
is  oxidized  with  KMnO,  (A.  aoo.  273). 

^-Oxy-n-Caprou  Arid,  CH,.  CH,.  CH,  ,  CH[OH)CH,CO,TI,  is  formed  on  bail- 
ing hydrosorbic  acid  with  caustic  sods  (A.  18],  124).  a  Elkyl^-oxybuiyiic  Arid, 
CEI,.CIIiOH).CH(C,H,l.CO,H  (A.  1S8,  240).  a-Mtlkyl-^Brp.t,Uric  Aiid, 
Cll,.CII,CH(OH)CH(CH,).CO,H(B.  ao,  (321). 

/i-Oj)'r>D™/™V-^fi'</;(CH,),CH.CH({)H).CH,.C0,H  (B.  ig,  R.  667). 

^■O-xwekiplylU  Add,  (CH,),CH .  CH,.  CH(OH) .  CH, .  CO,H,  melu  M  64' 
(A.  a83.  143). 

li-Aft/M-propyltthvltHt  LaiHc  Add,  (CH,)  (C,H,)C(OH)CH,CO,H,  u  pi 
in  the  oxidation  of  methyl  allyl propyl  earbinol  (J.  pr,  Ch.  [z]  23,  267). 

"   "■ " 3,H.  result' 


^-Dielhyl-elkyline  LaclU  And,  (C,Hi),C(OH}CH,CO,H,  results  from  the  oiida- 
<ion  of  dielhyl-allyl  carbinol  (J.  pr.  Ch.  Ti]  "3.  2ol)  (p.  132).  a-Afilhyl-ftAyl.fi. 
oxyiulyric  Add,  CH,CH(011) .  C(CH,)(C,H,)CO,H  (A,  1S8,  z66).      TrlramHkyl 


jields  CO,  and   dimethyl    isopropyl    carbinol  when    heated.      fi-Oxy  totlylic   Add, 
(Cn,),CH  .  CH,.  CH,CH(OH)CH,CO,H.  melts  at  360  (A.  283,  387). 

a-Mtlhylpropyl-^-DxybulyricAHd,  CH,.  CH(OH).  C(CH,KdH,)CO,H  (A.  aaC 
a88).  a-DUthyl-^-Bxybutyric  Add,  CH,CH(OH)C(C,H,),C0,H  (A.  aoi,  65  ;  a6i 
98).  a-Dimtthyl-^-uBprepyl-tthylmt  Ladie  Add,  (CH,),CH  .  CEJ(OH) .  C(CH,), 
CO,H,  melts  at  92"  (B.  aB,  2843). 

The  f  and  J-Oxyacids  and  their  Cyclic  Esters,  the  ;■-  and 
^-Lactones. — The  f-  and  J-oxyacids  are  distinguished  from  the  «- 
and  (9-oxyacids  by  the  fact  mentioned  (p.  334)  that  they  are  capable 
of  forming  simple  cyclic  esters,  when  the  carboxyl  group  enters  into 
reaction  with  the  alcoholic  hydroxyi  group.  This  is  a  reaction 
that  is  accelerated  by  mineral  acids  in  the  case  of  the  formation 
of  the  ordinary  fatty  acid  esters.  The  cyclic  esters  of  the  r-  aid 
^-oxyacids  are  called  ^-Lactones  and  ^Lactones.  In  the  first 
wc  have  a  chain  of  four,  in  the  second  a  chain  of  five  carbon  atoms 
closed  by  oxygen.  They  sustain  the  same  relation  to  the  oxides  of 
the  J--  and  J-glycols,  and  to  the  anksdrides  of  Ike  j--  and  6-dUarboiiu 
adds,  that  the  oj>en  carhoxylic  esters  bear  to  the  ethers  of  the  alcohols 
and  fatty  acid  anhydrides.  Suppose,  for  example,  that  a  hydrogen 
atom  ha.'!  been  removed  from  each  methyl  group  in  the  formulas  of 
ethyl  ether,  acetic  ethyl  ester  and  acetic  anhydride,  and  the  methylene 
residues  are  then  joined  to  each  other,  we  then  arrive  at  the  formulas 
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of  tetraraethylene  oxide,  7^-butyrolactone  and  succinic  anhydride.  The 
following  scheme  represents  these  relations : 

CH« .  CH«>„^^  CHaCX)     >s^r\  CH.CO^ f\ 

CH,.CH,>"  CH,.CH,>"  CHjCO-^" 

Ethyl  Ether  Acetic  Ethyl  Ester        Acetic  Anhydride 

CHj.CH,  flCHjCO  CH,CO 

tH, .  CH,^  /jfcH,CH,y-^  fcH,CO"^^ 

Tetramethyleue  Oxide  Y-Butyrolactone      Snccinic  Anhydride. 

This  lactone  formation  occurs  more  or  less  easily,  depending  upon 
the  constitution  of  the  j^-oxyacids.  The  very  same  causes  which 
influence  the  anhydride  formation  with  saturated  and  unsaturated 
dicarboxylic  acids  (see  these),  exert  their  power  with  the  j^-oxyacids. 
It  has  been  seen  *'  that  increasing  magnitude  or  number  of  hydrocarbon 
residues  in  the  carbon  chains  closed  by  oxygen  favors  the  intramo- 
lecular splitting-off  of  water  with;the  /'-oxyacids  * '  (B.  24, 1 237).  When 
the  7^-oxyacids  are  separated  from  their  salts  by  mineral  acids  they 
break  down,  especially  on  warming,  almost  immediately  into  water  and 
lactones.  It  is  only  when  the  latter  are  boiled  with  alkaline  carbonates 
that  they  are  converted  into  salts  of  the  oxyacids.  This  is  more 
readily  accomplished  through  the  agency  of  the  caustic  alkalies.  The 
T'-lactones  are  characterized  by  great  stability.  They  are  partially 
converted  into  oxy-acids  by  water,  but  this  only  occurs  after  pro- 
tracted boiling,  whereas  those  of  the  ^-variety  gradually  absorb  water 
at  the  ordinary  temperature  and  soon  react  acid  (B.  z6,  373). 

History. — The  first  (1873)  discovered  aliphatic  lactone  was  butyrolactone,  obtained 
by  SaytzefT,  who,  however,  regarded  it  as  the  dialdehyde  of  succinic  acid.  Erlen- 
meyer,  Sr.  (18S0),  expressed  the  opinion  that  lactones  could  only  exist  when  they 

contained  the  group  C  —  C  —  C  —  COO,  which  is  present,  as  is  well  known,  in  the 
anhydrides  of  succinic  acid  (B.  13,  305).  Almost  immediately  afterwards  J.  Bredt 
demonstrated  that  isocaprolactone,  from  pyroterebic  acid,  was  in  fact  a  y-Uctone  (B. 
13,  748).  Fittig,  as  the  result  of  a  series  of  excellent  investigations,  established  the 
frenetic  relations  of  the  lactones  to  the  oxyacids  and  unsaturated  acids,  and  taught  how 
this  class  of  bodies  could  be  produced  by  new  methods.  E.  Fischer  has  shown  that 
polyoxylactones  play  an  especially  important  rOle  in  the  synthesis  of  the  various 
Tflrieties  of  sugar. 

The  following  methods  answer  for  the  formation  of  the  y-oxycar- 
boxylic  acids  and  their  cyclic  esters — the  y-iactones: 

(i)  By  the  reduction  of  the  y-ketone  carboxylic  acids  with  sodium 
amalgam : 

CH, .  CO .  CH, .  CH, .  COOH  -f  2H  =  CH, .  CH(OH) .  CH, .  CH, .  CO,H 
Laevulinic  Acid  y-Ozyvaleric  Acid. 

(2)  From  the  y-halogen  fatty  acids :  {a)  by  distillation,  when  the 
lactones  are  immediately  produced : 

aCH,.  CH,.  CHjCOjH  >-  iHjCHjCHjCoi  +  HQ; 

(Jf)  by  boiling  them  with  water^  or  with  caustic  alkalies,  or  alkaline 


t  eiw)  fim!uLed  in  the 


m.c  acii,  when  an  addition 
.-^c  »c:d  x_B.  16.573;  »8, 


.H  CH,  CHjCoA 


C.CH,.CH,.CO(i  +  CCV 

- ;«  of  iiibask  *ciiU — e.  g ,  (he 
:;  uxl  bum  tncdnic  Mifafdhde 

s  temliiDg  from  ibe   actioD  of 


■^  If  ^<*cTi  prepared  by  the  distillation 
.  :;«  re^iaciion  of  *-ketonecarboxylic 

<>  Tt^-i  be  viewed  as  a-,  fi-,  and  ;--aIkyl 
-...K'tone,  and  may  be  named  accord- 
,jLt,-ce  tor  %-aleroUctone : 

CH,.CO^ 
CH,.CH CH, 

I  :e  in  "  olid  "  ;  thus,  btttyrelaetone  = 

;:«.  They  are  usually  liquid  bodies, 
feather.  TheyshowneutralreactioD, 
i  can  be  distilled  without  decom- 
pTcipiUte  them  from  their  aqueous 
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Deportment,—^!)  They  are  partially  converted  into  the  correspond- 
ing oxyacids  when  boiled  with  water.  A  state  of  equilibrium  arises 
here,  which  is  much  influenced  by  the  number  of  alcohol  radicals 
contained  in  the  /^-lactones.  (2)  The  lactones  are  changed  with 
difficulty  by  the  alkaline  carbonates  into  salts  of  the  corresponding 
oxyacids  (B.  25,  R.  845),  whereas  the  caustic  alkalies  and  baryta 
water  effect  this  more  readily.  (3)  Many  ^-lactones  combine  with 
the  haloid  acids,  forming  the  corresponding  ^-halogen  fatty  acids; 
others  do  not  do  this.  In  the  latter  the  lactone  union  is  easily  severed 
on  allowing  hydrochloric  or  hydrobromic  acid  to  act  upon  the  lactones 
in  the  presence  of  alcohol.  Then  the  aikyl  ethers  of  the  correspond- 
ing y-chlor-  and  ^'-brom-fatty  acids  are  formed  (B.  16,  513). 

(4)  The  /-lactones  unite  with  ammonia,  but  there  is  no  separation  of  water 

(p.  348). 

(5)  The  lactones  condense  under  the  influence  of  metallic  sodium  and  sodium 
alcoholate.  When  treated  with  acids,  an  exit  of  water  occurs,  and  bodies  are  pro- 
duced which  consbt  of  the  combined  residues  of  two  molecules  of  lactone.  When 
these  condensation  products  are  boiled  with  bases,  oxycarboxylic  acids  result,  which 
by  loss  of  carbon  dioxide  pass  into  oxetones  (see  these),  derivatiTes  of  dioxyketones . 


I                                     I      —  H  O  I  I  CH  CHCH 

2CH,  .  CH .  CH, .  CH, .  COO ^>CH,.CHO.CH,.CH,.C:C<       '  i  * 


1  L         CHXH(OH)CH, -CO,  J  "  I 

CH,.CHO(CH,),C:C<      '       ^       '      '— — VCH, .  CHO[CHJ,C[CH,],OCHj 

T'-Liactones. 


Butyrolactone  [Butanolid],  CH,.  CH,.  CH,.COO,  boiling  at  206°, 

y         P        « 
has  been  obtained  (i)  by  letting  sodium  amalgam  and  glacial  acetic 

acid  act  on  succinyl  chloride  (A.  171,  261) ;  (2)  from  butyrolactone 

carboxylic  acid  (see  this),  by  the  splitting-off  of  CO,  (B.  16,  2592) ; 

(3)  by  the  distillation  of  x  chlorbutyric  acid  (B.  19,  R.  13) ;  (4)  from 

oxethyl  acetoacetic  ester,  the  reaction  product  of  ethylene  chlorhydrin 

and  acetoacetic  ester  by  decomposing  it  with  baryta  (B.  z8,  R.  26) ; 

(5)  by  treating  /'-phenoxy butyric  acid  with  hydrobromic  acid  (B.  29, 

R.  286).  

y-Valcrolactone  [1.4  Pentanolid],  CH,.  CH.  CH,.  CH,.COO,  boiUng  at  2o6«, 

*        Y        <*        * 
occurs  in  crude  wood  vinegar,  and  may  be  prepared  (i)  by  the  reduction  of  laerulinic 

acid,  CHjCO .  CH^  .  CH, .  CO,H  f  A.  ao8,  104) ;  (2)  by  boiling  allyl  acetic  acid  with 
dilute  sulphuric  acid;  (3)  when  y-orom valeric  acid  is  boiled  with  water;  (4)  on  heat- 
ing y-oxypropyl  malonic  lactone  to  220®  C.  (A.  ai6,  56) ;  (5)  and  in  small  quantities 

when methyl-paraconic  acid,  CH, .  CH .  CH(CO,H) .  CH,  .  COO,  is  distilled  (A.  255, 
25).     Dilute  nitric  acid  oxidizes  y-valerolactone  to  ethylene  succinic  acid,  while  HI 

converts  it  into  n-valeric  acid.  a-Methyl  butyrolactone,  CH, .  CH,CH(CH,) .  COO, 
boils  at  201^  (B.  a8,  10;  29,  1 194}. 


> 


-  -   ■-       ■.-■^.    hcirolicloM.     C  4-HeMDoW], 

...::  ■  iJo".  ii  fonned  br  ibf  gennj 
—  :  "'--a>--c  of  gluconic  «dd.n»et»»«xh«ric 
3   .-7.  ijoo;  i«.  641,15551. 

==r   a^TroUctooe,   CHj-CH-CHCHJ- 

-.    -T«  J^KHoiwTric  Kid.     a-Eth^-boiTro. 

"  -^  "  "5'-  n  fanned  frow  ethoir-ahTl 

:--   1--  ■  I.  Bc'liQg  M  7»  .nd  boil™  a,  107". 

-  -  :.^:  ■«  ti«  dmillwjon  of  .crebic  ,^d.  (Se^ 
-  ■■-  ■.;  tad  «Mlf  ,Hs^  on  long  boiliiig  imo 
i^«  -»  licJwtnk  .idehyJe,  nuloaic  4cid,  tad 

«-    -■-■  Prcfit:bgtTralK(ooe,    CH,.CH  .CH,- 

-  »  iaiari  ban  7  bronHXUDlfaic  md,  (rem 
-'■='«  ar.o\T\k  «cid.  u  well  as  from  nUclosc 


.    :-^  icMAaobuDcdlbaia-cdiTl-yJ-Kctopnnaaic 
.   .^  ;vg«ml»ethod3(B.»9,iSs7).     a-Diwuikjl 

:  :\{.  .ax>.  iwltint  u  si"  and  boitine  u  86" 
J  .juactiTJ  ijmJinic^bd  Of  mesitootc  acid  (see  duty 

-  ^v«.  iCH,V,CHCH,CHCH,CH,Coi,  is  ob- 

i-c.  t-  pT.tih-j!/Ttlaibmt  bojii  u  ijjo.  a-liotrr- 
t  |».  1S57,  *»1).  a-Etkyl.^.mttkylvaltraUcl4mt, 
A.  b«jae  M  m6-J27°,  is  ob(»iiied  from  a-etbjl  ,3- 

.   •.■.--r*>i-.*!*rf««-.  C((^H,t,CH,CH,CO(i,  boilinB 
K  !<.'«■  nnin*l  chloride  ind  one  ethJde.    a-Mttijl- 

-'!  Clt,.CH.CH,.CH{a^).CO«i),  1ms  been 
-4rv«K    add.      ^-HcxjrlbatjKoUcione,    CH,- 


Tbey  h»ie  been  pnpared  by  the  dislllla- 
■  bf  lb«  rednoion  of  ^ketone  caiboiflic 


1/1 


CH,.CH,-CH,.C06.  boils  at  130"  ( 
!i,.  CH, .  CH, .  CCkI),  melts  at  13°  and  bdb 
H,.  CHCHiC;H,K:H,.Cf^CO«i,    boili  «t 
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Sulphur  Derivatives  of  the  Oxy-acids:  GlycoUic  and 
LfEctic  Acids. 

Only  the  mercaptan  carboxylic  acids  and  their  transposition 
products  will  be  considered  here.  These  are  acids  which  at  the  same 
time  possess  the  nature  of  a  mercaptan.  They  are  obtained  as  oils, 
with  a  disagreeable  odor.  They  are  miscible  with  water,  alcohol  and 
ether. 

(i)  a- Mercaptan  Carboxylic  Acids. 

SH 
Thioglycollic  Acid,  CH,<r^  u  [Ethanthiol  Acid],  is  obtained  from  mono- 

cbloracetic  acid  and  potassium  sulpbydrate,  and  from  thiohydantoTn,  when  heated 
with  alkalies  (A.  207, 124).     On  adding  ferric  chloride  to  its  solution,  we  obtain  an 

indigo-blue  coloratioo.     It  is  a  dibasic  acid.     The  barium  salt,  CH,<^pQ  ^6a  -\- 

jHjO,  dissolves  with  difficulty  in  water. 

a-Thiolactic  ^rtV/,  CH,.  CH(SH)CO,H,  is  obtained  from  pyroracemic  add  and 
hydrogen  sulphide. 

(2)  a-Alkyl  Sulphide  Carboxylic  Acids  are  obtained  from  the  interaction  of  a-hal<^en 
iktty  acids  and  sodium  mercaptides. 

(3)  a-Mercaptal  Carboxylic  Acids  result  from  the  action  of  a-thio-acids  and  alde- 
hydes.   Ethidenedithioglycollic  Add,  CH, .  CH :  fSCH, .  COOH),.  melts  at  I07«. 

(4)  a-Mercapiol  Carboxylic  Acids  result  from  a-tbio-acids  and  ketones  in  the  pres- 
ence of  zinc  chloride  or  HCl. 

DimethylenedUhioglycollic  Acid^  (CH,),C :  (SCH,COOH).  melts  at  1260. 

(5)  a- Sulphide  Dicarboxylic  Acids  are  produced  when  iw,S  acts  Ui)on  a-hal<^en 
fiatty  acids.  - 

CH     CO  H 
Thiodiglycollic  Acid,  S<pwj' '  ro^H'  "**''*  ^  \2.ff.    In  composition  it  cor- 
responds to  diglycoUic  acid  (p.   339),  and  under  like  conditions  forms  a  cyclic 
anhydride,  which  is  both  a  sulphide  and  a  carboxylic  anhydride.     Thiodiglycollic 

Anhydride,   S<^||*^q>0,  melts  at  I02*>,  and  boils  at  is8«  (10  mm.)  (B.  27, 

3059).  a-  Thiodilac)yl  Acid,  S[CH(CH3)  .  CO,H]j.  melts  at  125®.  y-  Thiodibutyric 
Acid  melts  at  99®  (B.  25,  3040).  Unsymmetrical  Sulphide  dicarboxylic  acids  are 
obtained  from  the  disodium  salts  of  the  mercaptan  carboxylic  acids  and  sodium 
halogen  fatty  acids  in  aqueous  solution  (B.  29,  1 139). 

(6)  a- Bisulphide  Dicarboxylic  Acids  are  readily  produced  in  the  oxidation  of  the 
a-mercaptan  carboxylic  acids  in  the  air,  or  with  ferric  chloride  or  iodine.  Dithio- 
diglycollic  Acid,  (SCH,CO,H)„  melts  at  ioo«>.   a-DithiodilacHc  Acid,  [SCH(CH,)  .- 

CO,H1^  melts  at  141  <*. 

/SH  \ 
Cyatetn  is  probably  an  amidothiolactic  acid,  ^^s'^VNH  /  '^^3^*    ^^  >^ 

obtained  from  cystin  by  reduction  with  tin  and  hydrochloric  acid.     A  crystalline 
powder,  very  soluble  in  water,  and  yielding  an  indigo-blue  color  with  ferric  chloride. 
In  the  air  it  rapidly  oxidizes  to  cystin  (B.  z8,  258,  and  xg,  125). 
Cystin,  C,H||N204S,,  probably  dithio-diamido-dilactic  acid, 

^"^clcH  1(NH  I  CO  H'  ^^'^^^^  *°  *®™*  calculi  and  urinary  sediments.  It  forms 
colorless  leaflets.  It  is  insoluble  in  water  and  alcohol,  but  dissolves  in  acids  and 
alkalies. 

COOH 

(7)  Sulphin-oxide  Carboxylic  Acids. — The  free  bodies—/.  ^.,    j 

CHjS(CHjijOH, 
re  nnstable.  They  split  off  water  and  yield  cyclic  sulphinates,  which  are  constituted 
milarly  to  the  cyclic  ammonium  compounds,  and  are  called  thetines.    This  name, 
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from  the  contnction  of  tkio  tnd  ^tatne,  is  intended  to  express  the  analogy  between 
their  derivatives  and  betalne  (B.  7,  695 ;  25,  2450;  a6,  R.  409) : 


^^-^  COO 

CH,-  S  <CH«,  Dimethyl  Thetine ;    (iH>(CH,),.  betalne,  p. 


310. 


The  thetines  are  feeble  bases.  Their  hydrobromides  are  produced  when  methyl 
sulphide,  ethyl  sulphide,  and  sodium  thio-diglycollate  are  brought  into  action  wiUi 
a-halogen  fatty  adds — €.  g,^  chloracetic  acid  and  a-brompropionic  acid. 


,),S  .  CH,  .  CO  .  6,  is 


Dimethyl  Thetint,  (CH,),S  .  CH,  .  CO  .  O,  is  deliquescent. 


Dimethyl  Thitine  Dicarboxylic  Acid,  (HO.  CO.  CH,),S.  CH,.Co6,  melts  at 
157-158®. 

Selenetines,  see  B.  ay,  R.  801. 

(8)  Sulphone  Carboxylic  Acids  are  produced  by  the  action  of  alkyl  sulphinates  upon 
esters  of  halogen  fatty  acids.  They  recall  the  ketone  carboxylic  acids  (see  these). 
Ethyl  Sulphone  Acetic  Acid,  C,Hj .  SO,  .  CH. .  CO,H  .  Ethyl  Sulphone  Propionic 
Acid,  C,H. .  SO,  .  CH, .  CH,  .  CO.H  (B.  ax,  89,  992).  By  oxidizing  the  sulphide, 
corresponding  to  the  sulphones  with  KMn04  we  obtain :  Sulphone  Diacetic  AciJ^ 
0,S(CH,CO,H)„  melting  at  1820  a-Sulphone  Dipropionic  Acid,  0,S[CH(CH,)  .- 
CO,H],,  melts  at  155®  (B.  x8,  3241).  Sulphone  diacetic  acid  resembles  aceto- 
acetic  ester  in  many  respects.     For  mixed  sulphonendi-fatty  acids  see  B.  ag,  XI41. 

(9)  a-Sulpho-carboxylie  Acids.  The  sulpho-acids  of  the  fatty  acids  are  pro* 
duced  by  methods  similar  to  those  employed  with  the  alkyl  sulphonic  acids : 

(i)  By  the  action  of  sulphur  trioxide  upon  the  fatty  acids, or  by  acting  with  fuming 
sulphuric  acid  on  the  nitriles,  or  amides  of  the  acids. 

[2)  By  heating  concentrated  aqueous  solutions  of  the  salts  of  the  monosubstitated 
fatty  acids  with  alkaline  sulphites. 

[3)  By  the  addition  of  alkaline  sulphites  to  unsaturated  acids  (B.  x8,  483). 

[4)  By  oxidizing  the  thio-acids  corresponding  to  the  oxy-acids  with  nitric  acid. 
^)  Upon  oxidizing  glycol  sulphonic  acids,  /.  g.,  isethionic  acid,  with  nitric  acid, 
rhese  sulpho-acids  are  dibasic  acids.     They  correspond  to  the  dicarboxylic  acids, 

like  malonic  acid.  The  sulpho-group  in  them  is  not  so  intimately  combined  as  in 
the  sulphonic  acids  of  the  alcohol  radicals.  Boiling  alkalies  convert  them  into  oxy- 
acids. 

Sulpho-acctic  Acid,  CH,<|'^«  J^^"*>^"«^,  fuses  at  75**.    PenUchloride  of 

SO  CI 
phosphonisconvertsitintoachloride,CH,<™«Q,  boiling  at  130-135®  (150  mm,). 

By  reduction  of  the  Utter  thio-glycollic  acid  is  produced. 

Its  diethyl  ester  is  not  volatile  without  decomposition.  The  hydrogen  atoms  of  the 
CH, -group  in  this  ester  (as  in  acetoacetic  and  malonic  esters)  can  be  replaced  by 
alky  Is  (B.  21,  1 550). 


NITROGEN  DERIVATIVES  OP  THE  OXY-ACIDS. 

The  following  classes  of  nitrogen  compounds  are  derived  from  the 
a-alcohol  acids :  i.  Oxy-amides.  2.  Oxy-hydrazides.  3  Oxy-azides. 
4.  Oxy-nitriles.  5.  Hydroxylamine  fatty  acids.  6.  Amidoxyl  fatty 
acids.  7.  Nitro-fattyacids.  8.  Amido-fattyacids.  9.  Nitramine  fatty 
acids.  10.  Isonitramine  fatty  acids.  \\a,  Hydrazino-fatty  acids. 
11^.  Hydrazo- fatty  acids.     12.  Azo-fatty  acids. 

Olycocoll  or  amido-acetic  acid,  and  certain  derivatives,  like  the 
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leucines,  are  among  the  more  important  a-amido-fatty  acids  from  a 
physiological  standpoint. 

1.  Oxyamides. — The  a-oxyamides  are  produced  (l)  by  treating  (a)  alkyl  esters 

and  (d)  cyclic  doable  esters  of  the  lactides  with  ammonia.    (2)  From  the  a-oxynitriles 

by  the  absorption  of  water  in  the  presence  of  a  mineral  acid,  particularly  sulphuric 

acid.     They  behave  like  the  fatty  acid  amides. 

OH 
QlycoUamide,  CH,<^^q   NH  *  ^  obtained  from  polyglycollide,  or  from  acid 

ammoniun  tartronate  when  heated  to  150^.     It  melts  at  I20^»  and  possesses  a  sweet 
taste. 

Lacumide,  CH,.  CH<^q   ^y^  ,  melts  at  74®, 

a-Oxycaprylamide,  CH,(CH,)5Ch\oH)CONH,,  melts  at  150°  (A.  177,  108). 
DiglycoUic  acid  yields  two  amides  and  a  cyclic  imide : 

Digiycollamic  Acid,  NH^CO .  CH, .  O  .  CH, .  CO,H,  melts  at  135^ 
Digiyc0liamid€f  OfCH^CfONH,),,  breaks  down  when  heated  into  ammonia  and 

diglycollimide,  0<ch   *cO^^^'  melting  at  142°.      It  deports  itself  like  the 

imides  of  the  dicarboxylic  acids,  e.  £.,  succinimide  (see  this)  and  n-glutarimide. 

The  readily  decomposable  additive  products,  arising  from  ammonia  and  the 
^-lactones  (A.  256,  I47),  are  viewed  as  7-oxyacid  amides.  Yet  they  are  said  to 
have  a  constitution  similar  to  aldehyde- ammonia  (A.  259,  143).  The  additive 
product  from  ammonia  and  y-valerolactone  may  have  one  of  the  following  formulas : 

CHgCHCHjCHjCONH,   or   CH, .  CH  .  CH,  .  CH,C<2|][». 

6h  0 ! 

2.  Hydrazides  of  the  Oxyacids :  Gfyco/  Hydrazide,  HO .  CH, .  CO  .  NH .  NH,. 
melting  at  93°,  has  been  prepared  from  benzoyl  or  oxalyl  glycollic  ester  and  hydrazine 
hydrate  (J.  pr.  Ch.  [2]  5i»  S^S)- 

3.  Azides  of  the  Oxyacids :  Glycol  Azide,  HO .  CH, .  CON,,  is  formed  when 
sodium  nitrite  acts  upon  the  hydrochloride  of  glycol  hydrazide.  It  crystallizes  from 
ether  (J.  pr.  Ch.  [2]  52,  225). 

4.  Nitriles  of  the  Oxy-acids. 

The  nitriles  of  the  a-oxy-acids  are  the  additive  products  obtained 
from  hydrocyanic  acid  and  the  aldehydes,  and  ketones. 

The  aldehydes  yield  nitriles  of  secondary  oxy-acids.  Formaldehyde 
is  an  exception  in  this  respect,  for  it  affords  the  nitrile  of  a  primary 
oxy-acid, — glycollic  acid. 

The  ketones  yield  nitriles  of  tertiary  oxy-acids. 

CH, .  CH  :  O  +  CNH  =  CH, .  CH<^^— nitrile  of  lactic  acid  (p.  335). 
(CH,),C  :  O  +  CNH  =  (CH,),C<q^— nitrile  of  acelonic  acid  (p.  337). 

These  nitriles  of  the  a-oxy-acids  have  been  called  the  cyanhydrins 
of  the  dihydric  alcohols  or  glycols,  which  can  not  exist.  Their  anhy- 
drides are  probably  the  aldehydes  and  ketones. ' 

The  anhydrous  bodies  boil  in  part  without  decomposition  ;  many  of 
them  break  down  upon  the  evaporation  of  their  aqueous  solution,  and 
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alkalies  resolve  them  into  their  compoDents.  The  nitriles  of  the  a-oxy- 
acidsy  on  the  other  hand,  under  the  influence  of  mineral  acids,  e.  g.^ 
hydrochloric  acid  and  sulphuric  acid,  first  take  up  one  molecule  of  water 
and  change  to  aoxy  acid  amides  (see  above),  then  a  second  molecule 
of  water,  and  form  the  ammonium  salts  of  the  a-oxy-acids,  which  are 
immediately  decomposed  by  mineral  acids  (p.  264). 

Aldehyde  Cyanbydrins :  GtycoUic  NUriU  [Ethanol  Nitrile],  HOCH,CN,  boiU 
■t  183**  with  slight  decomposition.  It  boils  at  1 19^  (24  mm.)  (B.  23,  R.  385).  Etki- 
dene  Lottie  Nttriie^  aldehyde  cyanhydrin,  CH,CH(OH)CN,  boils  with  decomposi- 
tion at  i82<».  Ethyl  Ether ^  CH,CH(OC,H5)CN,  from  chlorcyan<^en  and  ethyl 
ether,  boils  at  88°  (B.  28,  R.  15).  Acetyl  Ether,  CH,CH(C)COCH,)CN.  boils  at 
1690  (B.  28,  R.  109).  fi  EthcxybutyromitrUe,  CH,CH(OC,H5) .  CH,CN,  from 
cvanallyl  and  ethyl  alcohol,  boils  at  173°  (B.  29,  1425).  a-Oxyisovaleric  Nitrile^ 
(CH,\CH.CH(OH)CN.  breaks  down  at  135^  a  Oxyeaprylu  NUriU,  oenanthol 
hydnxryanide.  CH,(CH,)jCH(OH)CN. 

Halogen  Subsutution  Products  of  the  Aldehyde  Cyanbydrins  (A.  179, 73) : 
Chforal  Cyanhydrin,  CCI|CH(OH;CN,  melting  at  61'',  boils  with  decomposition  at 
2i5-230<».  Tribromlactic  Acid  Nitrile,  CBr,CH(OH)CN.  TrichlorvaUrolactic 
Acid  NitriU,  CH,  CCI,.CHCl.CH(OH)CN,  melts  at  102-103^  Ketocyan- 
hydrins :  aOxyisobutyric  Acid  Nitrile,  (CH,),C(OH)CN,  boils  at  120*».  Methyl 
Ethyl  Glycollic  Acid  Nitrile,  (C,H5)(CH5) .  C(OH)CN  (A.  204,  18).  DiethyhxalU 
Acid  Nitrile,  diethyl  glycollic  nitrile.  (QH5),C(0HJCN  (B.  14,  1974). 

Nitriles  of  the  oxy-acids  have  been  prepared  from  the  halogen  glycolbydnns  (p.  300) 
by  the  action  of  potassium  cyanide.  Ethylene  Cyanhydrin,  ^-Lactic  Acid  Nitrile, 
HO .  CH,  .  CH,CN,  boiling  at  220°,  is  also  obtained  from  ethylene  oxide  and  prussic 
acid.  In  many  cases  the  nitriles  of  the  oxy-acids  have  not  been  worked  out,  but 
have  either  been  immediately  changed  to  oxy-acids,  or  have  been  drawn  into  the 
circle  of  other  reactions.    . 

5.  Hydrozylamine  Acetic  Acid,  NH^O .  CH, .  CO,H,  has  been  obtained  as  its 
hydrochloride,  melting  at  148^,  together  with  benzoic  ester,  from  ethyl  benz- 
hydroxime  acetic  acid,  CgH5(0 .  C,H5) :  NPCH,CO,H.  The  free  acid  is  a  gummy 
mass.     For  homologues  see  B.  29,  2654. 

6.  Amidoxyl  Patty  Acids  are  isomeric  with  the  hydroxylamine  fatty  acids. 
Their  nitriles  result  from  the  addition  of  hydrocyanic  acid  to  aldoximes  and  ketoximes 
m.  29,  65).  Amidoxyl  Acetie  Acid,  HO  .  NH  .  CM,  .  CO,H,  melting  at  132°,  is 
formed  by  the  action  of  concentrated  hydrochloric  acid  upon  isobenzaldoxime 
acetic  acid,  and  dilute  mineral  acids  upon  (B.  29,  667)  isonitramine  acetic  acid. 
a- Amidoxyl  butyronitrile,  CH,  .  CH,  .  CH(NHOH)CN,  melting  at  86«.  is  obtained 
from  propylaldoxime  and  prussic  acid.  Concentrated  sulphuric  acid  converts  it  into 
a-isonitroso-  or  a-oximido-butyric  acid,  and  cold  hydrochloric  acid  changes  it  to 
a-amidoxy)butyric  acid,  which  decomposes  at  166^  (B.  26,  1548). 

7.  Nitrofatty  Acids.  a-Nitrofatty  Acids. — Nitroacetic  Acid  is  only  known 
in  the  fonn  of  its  ethyl  ester.  When  potassium  nitrite  acts  upon  potassium  chloracetate 
the  potassium  nitroacetate  produced  at  first  breaks  down  into  nitrometbane  (p.  155) 
and  potassium  monocarbonate : 

CHjCl  COOK  4-  NO,K  =  CH^NO,  .  COOK  +  KCl 
CHjNOjCOOK  -f-  H,0  =  CH5NO,  -f  KHCO,. 

Nitroacetic  Ethyl  Ester,  NO,CH,  .  COjC^Hj,  boils  with  scarcely  any  decomposl- 
at  151®.     It  is  produced  when  bromacetic  ester  and  silver  nitrite  interact, 
^chloric  acid  and  tin  convert  it  into  amidoacetic  acid. 

trofatty  Acids  :  /?  Nitropropionic  A  id,  NO,CI  T, .  CHjCOjH,  melting  at  66®, 
ed  from  ^-iodopropionic  acid  and  silver  nitrite.     The  ethyl  ester  boils  from 
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^NUro-isovaleric  Atid^  (CH3),C(NO,)CH,CO,H,  is  formed  together  with 
Jinitrdpropane,  {CW^JZy^O^^^  wheu  nitric  acid  acts  upon  isovaleric  acid  (B.  15, 

2324). 

8.  Amido-  or  Amino-fatty  Acids. 

In  the  amido-acids  the  alcoholic  hydroxyl  of  the  dihydric  acids  is 
replaced  by  the  amido-group  NH, : 

CH, .  OH  CH, .  NH, 

I  and        I 

CO .  OH  CO  .OH 

GlycoUic  Acid  Glycolamino-acid. 

It  is  simpler  to  view  them  as  amido-derivatives  of  the  monobasic 
fatty  acids,  produced  by  the  replacement  of  one  hydrogen  atom  in  the 
latter  by  the  amido-group : 

CH,  CH, .  NH, 

to.  OH  (I:O.OH  ■ 

Acetic  Acid  Amidoacetic  Acid. 

Hence  they  are  usually  called  amido-fatty  acids.  The  firm  union 
of  the  amido-group  in  them  is  a  characteristic  difference  between 
these  compounds  and  their  isomeric  acid  amides.  Boiling  alkalies 
do  not  eliminate  it  (similar  to  the  amines).  Several  of  these  amido- 
acids  occur  already  formed  in  plant  and  animal  organisms.  Great 
physiological  importance  attaches  to  them  here.  They  can  be  obtained 
from  albuminoid  substances  by  heating  the  latter  with  hydrochloric 
acid  or  baryta  water.  They  have  received  the  name  alanines  ox  glyco- 
coUs  from  their  most  important  representatives. 

The  general  methods  in  use  for  preparing  the  amido-acids  are  : 

(i)  The  transposition  of  the  monohalogen  fatty  acids  when  heated 
with  ammonia  (similar  to  the  formation  of  the  amines  from  the 
alkylogens,  p.  i6i): 

Thus  chloracetic  acid  yields : 

f  CH, .  COOH  f  CH, .  COOH  f  CH, .  COOH 

N^H  N^CH,.COOH  N^CH,.COOH 

Ih  Ih  lCH,.COOH 

Amido-acetic  Acid  Dislycolamidic  Acid  Triglycolamidic  Acid. 

(2)  In  the  action  of  the  halogen  fatty  acids  upon  ammonia,  phthal- 
imide  may  be  employed  to  promote  the  reaction,  in  that  the  halogen 
fatty-acid  esters  are  allowed  to  react  with  potassium  phthalimide, 
after  which  the  amido-acid  is  split  off  by  hydrochloric  acid  at  200^  C. : 

C.H4[,jcO>NK  ^^"4C0>N\(1„^        .H.^<:;H,.NH.Ha 

Potassium  Phthalimide  Phthalylglycocoll  Ester. 

(3)  The  reduction  of  nitro-  and  isonitroso-acids  (p.  350)  with 
nascent  hydrogen  (Zn  and  HCl)  : 

CH,NO,  .  CO  .  O .  C,H5  — - — >  CHjNH, .  COOH 
Nitro^cetic  Ester  Amido-acetic  Acid 

4H 

CH,.  C:  (NOH) .  COOH  >  CH, .  CH(NH,KOOH 

or-Ozimidopyroracemic  Acid  Alauiiie,  a-Aniidopropionic  Acid. 
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(4)  Transposition  of  the  cyan-fatty  acids  (see  these)  with  nascent 
H  (Zn  and  HCl,  or  by  heating  with  HI),  in  the  same  manner  that 
the  amines  are  produced  from  the  alkyl  cyanides  (p.  266)  : 

CN .  CO .  OH  +  2H,  =  CH,(NH,) .  CO,H 
Cyanformic  Acid  Amiao-acetic  Acid. 

This  reaction  connects  the  amido-fatty  acids  with  the  fatty  acids 
containing  an  atom  less  of  carbon,  and  also  with  the  dicarboxylic 
acids  of  like  carbon  content,  whose  halfniiriUs  are  the  cyan-fatty 
acids. 

(5)  The  nitriles  of  the  a-amido-acids  are  prepared  by  allowing  a 
calculated  quantity  of  ammonia,  in  alcoholic  solution,  to  act  upon 
the  hydrocyanic  acid  additive  products  of  the  aldehydes  and  ketones, 
and  then  setting  free  the  hydrochlorides  of  the  a-amido-acids  from 
these  by  means  of  hydrochloric  acid  (B.  13,  381 ;  14,  1965)  : 

CH, .  CHO  ^^^  CH,CH<g^^  N]t»^  CH,CH<^^   ^^  CH,CH<^^" 
(CH,),CO  ^^^  (CH,),C<^N  NHi^  (CH,),C<^N  ^  Ji^(CH,).C<S^;^ 

(6)  Nitriles  of  a-amido-acids  can  also  be  synthetically  obtained  {a) 
from  the  aldehyde  ammonias  by  means  of  hydrocyanic  acid ;  (Ji)  from 
aldehydes  by  means  of  ammonium  cyanide  (B.  14,  2686) : 

CH,CH<j^„^  ■>  CH,CH<j^,j^     ^-^^^  ->  ^"»  -^"^  NH^HQ 

rH     THO  -5?i:?-"i-^  TH  PH^CN  HCl  ^„     CO,H 

CH, .  CHO  — >  ^"»CH<j^j^^      ^H^  ->  CH, .  CH<^  j|^    j^^ 

Pnissic  acid  attaches  itself  similarly  to  the  oximes  (B.  25,2070),  to  the  hydra- 
sones,  and  to  the  Schiff  bases,  with  the  production  of  nitriles  ^B.  25,  2020). 

The  5th  and  6th  methods  are  only  suitable  for  the  production  of 
a-amido-fatty  acids,  while  the  remaining  methods  serve  also  for  the 
preparation  of /5-,  j^-,  and  ^-amido-fatty  acids,  which  are  also  produced : 

(7)  By  the  addition  of  ammonia  to  unsaturated  acids,  as  well  as  (8a) 
by  the  oxidation  of  amido-ketones,  e,  g.,  diacetonamine  (p.  219),  and 
(8^)  by  the  breaking  down  of  the  cyclic  imides  of  glycols  upon  oxida- 
tion, see  piperidine. 

Properties. — The  amido-acids  are  crystalline  bodies  with  usually  a 
sweet  taste,  and  are  readily  soluble  in  water.  As  a  general  thing,  they 
are  insoluble  in  alcohol  and  ether. 

Constitution. — As  the  amido-acids  contain  both  a  carboxyl  and  an 
amido-group,  they  are  acids  and  bases.  Since,  however,  the  carboxyl 
and  amido  grou]>s  mutually  neutralize  each  other,  the  amido-acids 
show  neutral  reaction,  and  it  is  very  probable  that  both  groups  com- 
bine to  produce  a  cyclic  ammonium  salt : 

V 

CH,.CH<NHiqjj  =  CH,.CH<^«>a 
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The  existence  and  method  of  producing  tri methyl  glycocoll  or 
betaine  would  indicate  this.  A  separation  of  the  two  groups  would 
again  occur  in  the  formation  of  the  salts. 

Deportnunt. — The  amido-acids  form  (i)  metallic  salts  with  metallic 
oxides,  and  (2)  ammonium  salts  with  acids. 

(3)  The  hydrogen  of  the  carboxyl  group  can  be  replaced  by  alcohol  radicals  with  for- 
mation of  esters,  which  are,  however,  unstable.  On  the  other  hand,  the  hydrogen  of 
the  amido-group  can  be  replaced  by  both  acid  and  alcohol  radicals.  (4)  The  acid 
derivaiiues  appear  when  acid  chlorides  act  upon  the  amido-acids  or  their  esters : 

Acetyl  Amido-acetic  Acid. 

whereas  (5)  the  alcohol  derivatives  are  obtained  by  the  action  of  the  amines  on  sub- 
stituted fatty  acids : 

CH,a .  CO,H  +  NH(CH,),  =  CH,<^^^^«^«  -f  HQ. 

Dimethyl  Glycocoll. 

(6)  By  continuing  the  introduction  of  methyl  into  the  amido-acids  it  is  possible  to 
entirely  split  off  the  amido-group.  Unsaturated  acids  result.  Thus,  a-amidopro- 
piooic  acid  jrields  acrylic  acid,  and  a-amido-butyric  acid  jrields  crotonic  acid  (B.  21, 
R.  86),  while  a-amido-n- valeric  acid  yields  propylidene  acetic  acid  (B.  26,  R.  937). 

(7)  When  the  amido-acids  are  heated  to  200^  with  hydriodic  acid  they  exchange 
their  amido-group  for  hydrogen  and  become  fatty  acids  (B.  24,  R.  900). 

They  are  not  affected  by  boiling  alkalies,  but  (8)  when  fused  they  decompose  into 
salts  of  the  fatty  acids  and  into  amines  or  ammonia.  (9)  By  dry  distillation  (with 
baryta  especially)  they  yield  amines  and  carbon  dioxide : 

CH, .  CH<^Q  ^  =  CH, ,  CH, .  NH,  -f  CO,. 

Ethylamtne. 

(10)  Nitrous  acid  converts  them  into  oxy-acids : 

Glycollic  Acid. 

(11)  When  potassium  nitrite  is  allowed  to  act  on  the  hydrochlorides  of  the  esters 
of  the  amido-acids,  esters  of  the  diazo- fatty  acids  (p.  365)  are  produced.  Their 
fonnation  serves  as  a  test  for  even  minute  quantities  of  the  amido-acids  (B.  17,  959). 
Ferric  chloride  yields  a  red  color  with  all  the  amido-acids.     Acids  discharge  the 


One  of  the  chief  characteristics  of  the  a-amido-fatty  acids  is  that 
when  they  lose  water  they  yield  cyclic  double  acid  amides,  correspond- 
ing to  the  cyclic  double  esters  of  the  a-oxy-acids  or  lactides  (p.  339)  : 

Glycoiiide  Glycocoll  Anhydride. 

The  y-  and  <5-amido-acids,  however,  are  capable  of  forming  cyclic,  simple  acid 
30 
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Amides,  the  so-called  y  '^  SAMduas,  corresponding  to  the  7-  and  iHactoocs,  the 
cyclic,  simple  esters  of  the  y-  and  d-oxy-adds: 

CHj.CO  CHj.CO 

CHj  .  Crij  CH* .  CH^ 

Batjrolactoae  V-Batyratectam, 

PynolidoDc 

^Valerolactonc  ^Valerolactan, 

*-Oxopiperidiiie. 

o-Amido-acids. 

Glycocoll,  Gfyci'n,  Amido-acetic  Acid  [Amino-ethan  Acid\ 
CH,(NH,) .  COjH,  melting  at  232-236**,  is  obtained  synthetically 
(p.  352)  :  (i)  By  heating  monochloracetic  acid  with  ammonia (di  and 
triglycolamidic  acids  are  formed  at  the  same  time)  or  by  warming 
monochloracetic  acid  with  dry  ammonium  carbonate  (B.  1692827); 
(2)  from  phthalylglycocoU  ester  (B.  22,  426) ;  (3)  by  the  reduction 
of  nitro-acetic  acid ;  (4)  of  cyan-formic  acid ;  (5)  by  heating 
methylene  amido-acetonitrile  with  alcoholic  hydrochloric  acid,  when 
it  changes  to  the  hydrochloride  of  glycin  ester  (B.  29,  762); 
(6)  from  methylene  cyanhydrin,  the  product  obtained  by  the  union 
of  formaldehyde  and  prussic  acid.  Ammonia  converts  it  into  glyco- 
coll nitrile,  which  is  altered  to  glycocoll  by  boiling  baryta  water 
(A.  278,  229): 

CH.O  -CNH^  CH,<Jf^  _J«k_^  CH.<^^ ^  CH.<CO^H 

Glycocoll  may  be  prepared  by  methods  2,  5,  and  6,  or  by  the  de- 
composition of  hippuric  acid  (see  below).  A  rather  striking  forma- 
tion of  glycocoll  is  observed  (7)  by  conducting  cyanogen  gas  into 
boiling  hydriodic  acid : 

CN  CH, .  NH, 

and,  finally,  (8)  by  letting  ammonium  cyanide  and  sulphuric  acid  act 
upon  glyoxal,  when  the  latter  probably  at  first  yields  formaldehyde 
(B.  15,  3087). 

History  and  Occurrence. — Braconnot  (1820)  first  obtained  glycocoll  by  decom- 
posing  glue  with  boiling  sulphuric  acid.  It  owes  its  name  to  this  method  of  forma- 
tion and  to  its  sweet  taste :  yKvid^^  sweet,  tatXka^  glne. 

lies  (1S46)  showed  that  glycocoll  was  formed  as  a  decomposition  product 
-ic  acid  was  boiled  with  concentrated  hydrochloric  acid : 

COOH 
r    ^^   ^  ,,    +  H.O  +  HCl  =  I  4-  C,H.COOH. 

[ .  CO .  C,Hj  ^      '     ^  CH,NH,HC1  ^  ^    • 

;>uric  Acid  Glycocoll  Benzoic  Add. 

yl  Glycocoll  Hydrochloride 
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Screcker  (1848)  obsenred  that  glycocoll  appeared  from  an  analogous  decomposi- 
tion of  the  glycocliolic  acid  occurring  in  bile.     Compare  taurine,  p.  306 : 


COOH 

COOK 

Glycocholic  Acid 

+ 

2KOH 

~"      iHjNH,     "^ 

C«H,O.K 

Potassium 

Potassium 

Amido-acetate 

Chelate. 

Glycocoll  was  first  (1858)  prepared  artificially  by  Perkin  and  Duppa,  when  they 
allowed  ammonia  to  act  upon  bromacetic  acid. 

Properties, — Glycocoll  crystallizes  from  water  in  large,  rhombic 
prisms,  which  are  soluble  in  4  parts  of  cold  water.  It  is  insoluble  in 
alcohol  and  ether.  It  possesses  a  sweetish  taste,  and  melts  with  de- 
composition. Heated  with  baryta  it  breaks  up  into  methylamine  and 
carbon  dioxide;  nitrous  acid  converts  it  into  glycollic  acid.  Ferric 
chloride  imparts  an  intense  red  coloration  to  glycocoll  solutions ;  acids 
discharge  this,  but  ammonia  restores  it. 

MetaUic  Salts. — An  aqueous  solution  of  glycocoll  will  dissolve  many  metallic 
oxides,  forming  salts.  Of  these,  the  copper  salt,  (C|H^N0,)2Cu  +  H,0,  is  very  char- 
acteristic. It  crystallizes  in  dark  blue  needles.  The  silver  sali,  C^H^NO^Ag,  crys- 
tallizes on  standing  over  sulphuric  acid.  The  combinations  of  glycocoll  with  salts, 
e.  g.,  CjHjNO,.  NOjK,  CjH^NO, .  NO,Ag,  are  mostly  crystalline. 

Ammonium  Salts. — Glycocoll  yields  the  following  compounds  with  hydrochloric 
acid :  C,H,NO, .  HCl  and  2(C.H(N0,)  .  HCl.  The  first  is  obtained  with  an  excess 
of  hydrochloric  acid.  It  crystallizes  in  long  prisms.  The  nitrate^  C,HjNO, .  HNO,, 
forms  large  prisms. 

Ester s.-^'Wit.  glycocoll  esters  claim  special  mention,  as  they  are  the  starting-out 

material  for  the  preparation  of  diazo-acetic  esters  (p.  365). 

NH 
The  ethyl  ester,  CH,<^pQ  '  y-.  «*    is  an  oil  with  an  odor  resembling  that  of  cacao, 

and  boiling  at  149®.  See  glycin  anhydride  or  diglycoldi-imide.  On  leading  HCl 
gas  into  glycocoll  and  absolute  alcohol,  the  HCl -salt  is  formed ;  this  melts  at  144® 
(B.  21,  R.  253). 

It  is  also  produced  when  HCl  is  conducted  into  alcohol  and  aceturic  acid  (p.  356) 
(B.  ag,  760),  or  by  the  action  of  alcoholic  hydrochloric  acid  upon  methylene  amido- 
acetonitrile  (p.  356).  Silver  nitrite  produces  the  nitrite  salt,  NOOH  .  NiiXOOC^H,, 
which  readily  passes  quantitatively  into  diazo-acetic  ester^  CH :  N,CO,C,H.. 

NH 
Amides. — Glycocollamide^  CH,<pQ  Iru  t  amidoacetamide,  is  produced  when  gly- 
cocoll is  heated  with  alcoholic  ammonia  to  160^.     A  white  mass  which  dissolves 
readily  in  water,  and  reacts  strongly  alkaline.     The  HCl-salt  results  on  heating  chlor* 
acetic  ester  to  70^  with  alcoholic  ammonia. 

Methyl-glycocoU,  CH,<^^^^^"»,  or  ^^j   \^^     ^^     Sarcosine.    Liebig 

(1847)  first  obtained  it  as  a  decomposition  product  of  the  creatine  contained  in 

beef  extract.     Its  name  is  derived  from  ffiipf,  flesh.     Volhard  (1862)  prepared  it 

synthetically  by  the  action  of  methylamine  upon  monochloracetic  acid  and  it  is  also 

CO,H  NH,  ^      ^ 

produced  when  creatine  or  methyl  glycocyamine,  1      ^,,^„      X       xriT»  *"*"  *^' 

CH2N(CHj) .  C  =  WH. 

felne  are  heated  with  baryta.  It  dissolves  readily  in  water  but  with  difficulty  in  alco- 
hol. The  nitrile  of  sarcosine  is  obtained  together  with  methylamine  from  methylene 
cyanhydrin,  the  additive  product  of  formaldehyde  and  prussic  acid  (A.  279,  39). 
It  melts  at  210-220^,  decomposing  into  carbon  dioxide  and  dimethylamine,  yielding 
at  the  same  time  diglycolyl  dimethylamide.     It  forms  salts  with  acids ;  these  have 
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an  acid  reaction.     Ignited  with  soda-lime  it  e^oWes  methylamine.     Sareosme  jieUs 
metbylhydantoln  with  cyanogen  chloride  and  creatine  with  cyanamide. 

/N(CH,), 
TrimethylglycocoU,  CH,^  J^,  b  betalne,  described  p.  310. 

Ethylamine,  diethylamine  and  triethylamine,  acting  upon  chlonicetic  add,  pro- 
duce the  ethylated  glycocoUs  in  the  form  of  hydrochlorides : 

CO    o 

Ethyl-glycocoU,  Diethyl -glycocoll  and  Triethyl-glycocoll,  1  1 

C  H, .  Nf  C|H|),. 

The  latter  boils  with  decomposition  at  210-220^,  and  differs  from  the  myl  nttf 

COOC-Hj 
of  diethylamidoacetic  acid,    1      ,. ,  ^  „  v     boiling  at  l^^^,  and  resulting  Inim  the 

CH,N(C^H5)„ 

action  of  ethyl  iodide  upon  silver  amido-acetate  (A.  z8a,  176). 

Methylene  Amido  acetonitrile,  CH,  =  N .  CH,CN,  melting  at  I29®witfa  decooi- 

position,  is  formed  from  formaldehyde  and  ammonium  cyanide  (B.  27,  59). 

Aceto-glycocoll,  CH,<pQ  ^^    •   ,  acetamido-acetic  acid,  aceturic  acid,  is 

obtained  by  the  action  of  acetyl  chloride  upon  glycocoU  silver,  and  of  acetamide  npoo 
monochloracetic  acid.  It  dissolves  readily  in  water  and  alcohol,  and  melts  at  206^. 
It  conducts  itself  like  a  monobasic  acid  (B.  17, 1664). 

Hippuric  acid  or  benzoyl  glycocoU  (see  this)  and  glycocholic  acid  (see  this), 
already  mentioned  under  glycocoU,  are  far  more  important  and  will  be  discussed  later. 
They  are  constituted  like  aceturic  acid. 


Diglycolamidic  and  triglycolamidic  acids  bear  the  same  relation  to  glycocoU  that 
di-  and  trioxyethylamine  sustain  to  oxethylamine  : 

NIL .  CH» .  CO.H  NH<b;n«  *  >:X«C  Nf-CH, .  CO-H 

^"«-^^«"  \CH,.C^H. 

NH.CHj .  CIIjOH  NH(CH, .  CH,OH),  N(CH, .  CH,OH),. 

These  comp>ounds  are  formed  on  boiling  monochloracetic  acid  with  concentrated 
aqueous  ammonia  (A.  122,  269;  145,  49  ;  149,  88). 

Diglycolamidic  Acid,  NH(CHjCO,H),,  melts  at  225<>,  and  forms  salts  both  with 
acids  and  bases,  while  Triglycolamidic  Acid,  N(CH,CO,H)„  cannot  unite  with 
acids. 

ImidoacetonUHlc,  NH(CH,CN)„  melting  at  75°,  and  NUriloa^eionitrile,  N(CH,- 
CN),,  melting  at  126°,  are  obtained  from  methylene  cyanhydrin  and  ammonia  (A. 
278,229;  279,39). 


g-Amidopropionic  Acid,  CH, .  CH(NH,) .  CO,H,  or  CH,.CH  .- 

(NH8)C00,  Alanine,  is  derived  from  a-chlor- and  a-brom-propionic 
acid  by  means  of  ammonia,  and  from  aldehyde  ammonia  by  the  action 
of  CNNH4  and  HCl  (p.  193).  Aggregated,  hard  needles,  with  a 
sweetish  taste.  The  acid  dissolves  in  5  parts  of  cold  water  and  with 
more  difficulty  in  alcohol ',  \u  elher  it  is  insoluble.    When  heated  it 
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commences  to  char  at  about  237^,  melts  at  255^  and  then  sublimes. 
It  is  partially  decomposed  into  ethylamine  and  carbon  dioxide  and  in 
part  into  aldehyde,  carbon  monoxide  and  ammonia  (B.  25,  3502). 
Nitrous  acid  converts  it  into  a-lactic  acid. 

Isomeric  /9-amido-propionic  acid  will  be  treated  as  the  first /9-amido- 
carboxylic  acid,  p.  358. 

Higher  homologous  a-amido  acids  have  been  mainly  prepared  by  the 
general  methods:  (i)  By  the  action  of  ammonia  upon  the  a-halogen 
fatty  acids,  or  (2)  upon  the  nitriles  of  the  a-oxy -acids. 

a  Amido-n-butyric  Acid,  CH, .  CH. .  CH(NH,) .  CO.H. 

a-Amidoisobutyric  Acid,  (CH,),C(NH,) .  CO,H,  b  also  produced  Id  the  oxida- 
tion of  diacetonamine  sulphate. 

o-Amido-valcric  Acid,  CH,.CH,.CH,CH(NH,)  .COjH,  is  also  produced  by 
the  oxidation  of  conine  (B.  19,  500). 

a-Amido-isovaleric  Acid,  (CH,), .  CH .  CH(NH,) .  CO,H,  Butalanine,  occurs 
in  the  pancreas  of  the  ox. 

a-Amidocaproic  Acids,  Leucines. — Different  a-amido-caproic 
acids  have  been  described  under  the  name  leucine.  Leucine  (from 
Xzt}x6<z,  glistening  white,  referring  to  the  appearance  of  the  scaly  crystals) 
occurs  in  different  animal  fluids.  Its  occurrence  is  physiologically 
very  important.  It  is  present  in  the  pancreas,  in  the  spleen,  in  the 
lymph-glands,  and  in  typhoid  it  is  found  in  the  liver.  It  is  formed  by 
the  decay  of  albuminoids,  or  when  they  are  boiled  with  alkalies  and 
acids.  Fibrin  is  converted  into  it  by  pancreatic  digestion  (B.  27, 
2727).  Horn  or  dried  neck-band  of  oxen,  when  treated  with  dilute 
sulphuric  acid  to  100°  yields  animal  leucine.  Strecker  (1848)  showed 
that  when  it  was  treated  with  nitrous  acid  it  passed  into  an  oxy-caproic 
acid,   melting  at   73® — probably  a-oxy-n-caproic  acid — leucic  acid^ 

P-  337- 

Animal  leucine  crystallizes  in  shining  leaflets,  which  have  a  fatty  feel,  melt  at 
270**  and  sublime  undecomposed  when  carefully  heated.  Rapid  heating  breaks  it  up 
into  amylamine  and  CO,.  It  is  soluble  in  48  parts  of  water  at  12^  and  in  800  parts 
of  alcohol. 

Vegetable  leucine  from  conglutin,  the  globulin  substance  of  the  lupines,  is  different 
from  the  preceding  body.  It  is  optically  active  ;  the  free  amido-acid  is  Isevo-rotatory 
io  solution,  while  its  hydrochloride  is  dextro- rotatory.  This  leucine  becomes  optically 
inactive  when  it  is  heated  to  160°  with  baryta  water.  It  is  then  identical  with 
a-amido-isocaproic  acid,  (CH,),  .  CH  .  CH- .CH(NH,) .  COOH,  prepared  syntheti- 
cally from  isovaleric  aldehyde,  (CH,), .  CHCH,  .  CHO.  Nitrous  acid  converts  both 
adds  into  aoxy  isocaproic  acid,  (CH,),.  CHCH,CH(OH)CO,H,  melting  at  SA^ 
(p.  337).  Penicillium  glaucum  converts  inactive  a-amido-isocaproic  acid  into  opti- 
cally active  dexiro-ieucine  ;  the  free  amido-acid  being  dextro-rotatory  in  solution  and 
its  hydrochloride  laevo-rotatory  (B.  24,  669 ;  26,  56).  Therefore,  the  three  modifica- 
tions of  o-amido-iso  caproic  acid  are  known. 

a-Amido-ctnanthic  Acid,  CH3(CH,)^CH(NH,)C0,H  (B.  8,  1 168).  a  Amido- 
caf^rylic  Acid,  CH,(CH,).CH(NH,)CO,H  (A.  176,  344).  a-AmidopalmUic  Acid, 
CH3(CHAjCH(NH,)CO,H  (B.  24,  941).  a-AmidostearU  Acid,  CH,(CH,)„CH- 
(NH,)  .CC),H,  melts  at  221®  (B.  24,  2395). 

Cyclic  Double-acid  amides  of  the  a-Amido  Carboxylic 
AcidSy   ay  Diacipiperazines.     In    the    formation    of   esters    of   the 
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a-oxyacids  by  the  action  of  the  carboxyl  group  and  the  alcoholic 
hydroxy!  group  two  molecules  enter  the  reaction.  This  is  also  the 
case  in  the  amide-formation  between  the  carboxyl  group  and  the 
amido-group  of  the  a  amido-acids.  Cyclic  double-acid  amides  corre- 
spond to  the  cyclic  double  esters  or  lactides. 

Diethylenediaminey  Piperazine  or  Hexahydropyrazine  (p.  314),  is  the  starting-oot 
substance  from  which  such  bodies  can  be  obtained  as  oxygen  substitution  products. 
Hence  we  have  names  such  as  a^'-diketo-,  ay'-diaci-,  ay-dioxypiperazine,  by  means 
of  which  we  can  distinguish  the  four  carbon  atoms  of  the  piperazine  ring,  as  a-,  j9-, 
7-,  and  d-carbon  atom : 

0<C0 !  CH^O  «N<^5^  •(CO>NH         HN  <g«| ;  CH|>NH 

DiglycoUide  Dif^lycolyldiamide,  Diethylenediatnine, 

ay-Diacipiperaztne  Piperazine. 

The  aromatic  piperazine  derivatives  are  particularly  numerous  (B.  25,  2941). 

Diglycolyldiamide^  Glycin  Anhydride,  ay'- Diacipiperazine,  ^JN<[pq' V-.it  !>NH, 

turns  brown  at  245°,  melts  at  275°,  and  is  formed  when  amido-acetic  ethyl  ester  is 
evaporated  with  water  (B.  23,  3041). 

Diglycolyldimethylamide^  Sarcosine  Anhydride,  CHjN<^p-v' Ujr  ^N.CH,, 
melting  at  150°  and  boiling  at  350°,  is  produced  by  heating  sarcosine  (B.  17,  286). 

Dilactyldiamide,  Lactimide,  HN<^q(^^j»)^^9>NH,  melting  at  275°,  is 
formed  when  alanine  is  heated  with  hydrochloric  acid  gas  at  180-200^  (A.  134^  372). 

/^-Amido-carbozylic  Acids. 

Neither  cyclic  double-acid  amides,  such  as  are  obtained  from  the  a-amidocar- 
boxylic  acids,  nor  cyclic  simple  acid  amides  or  lactams,  such  as  are  obtained  from  the 
7-  and  d-amidocarboxylic  acid,  can  be  prepared  from  the  poorly  studied  ^-amido- 
carboxylic  acids. 

/?-Amidopropionic  Acid,  ^-Alanine,  CH,(NH,)  .  CH, .  CO,H,  melts  at  \^^ 
and  breaks  down  into  ammonia  and  acrylic  acid.  It  is  isomeric  with  alanine 
(p.  356)  and  is  obtained  from  /3-iodpropionic  acid  with  ammonia  from  /3-nitiopro- 
pionic  acid,  and  also  from  succinimide  and  succinbromimide  by  means  of  limine  and 
caustic  potash  (B.  26,  R.  96). 

/?-Amidobutyric  Acid,  CH,.  CH(NH,) .  CH,.  CO,H(?),  b  produced  when 
crotonic  acid  is  heated  with  ammonia  (B.  21,  R.  523). 

/3-Amido-i80valeric  Acid.  (CH8),C(NH,) .  CH,  .  CO,H,  is  obtained  by  the  re- 
duction of  the  corresponding  nitroacid  (p.  350). 

7-  and  ^-Amido-carboxylic  Acids. 

The  most  important  characteristic  of  the  X'  and  ^-amido-carboxylic 
acids  is  that  when  heated  they  part  with  water  and  yield  cyclic,  simple 
acid  amides  or  lactams,  the  y- lactams  and  the  ^-lactams, 

Piperidine  derivatives,  when  oxidized,  have  yielded  some  of  these  acids  (Schotten). 
Potassium  phthalimide  affords  a  general  synthetic  method.  Ethylene  bromide  or  tri- 
methylene  bromide  acted  upon  by  it  changes  to  a>-bromethyI -phthalimide  and  <i>-brom- 
propyl-phthalimide  (Gabriel).  These  bodies,  as  is  known,  have  also  been  utilized  io 
the  preparation  of  oxalkylamines  (p.  309).  In  order  to  get  y-  and  ((-amido-carboxylic 
mcids  by  i\it\t  aid  they  are  transposed  ^\\.Vi  sodium  malonic  ester  axxl  sodium  alkyl- 
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malonlc  ester.  The  condensation  product  resulting  in  this  manner  is  decomposed, 
on  heating  it  with  hydrochloric  acid,  into  phthalic  acid,  y-,  or  c^-amido-carbiDxylic 
hydrochloride,  carbon  dioxide  and  alcohol  (B.  24,  2450) : 

*^"«  {  [j]to>N^"»^"«^'  ^"«  {  [2]cO>NCH.  •  CH, .  CH,Br 

±.   M-Bromethvl-phthaliznide  1,  w-Brompropyl-phthalimide 

y-Amidobutyric  Acid,  Piperidic  Acid,  melts  at  i83-iS4<'  and  loses  water.     It  is 

CH     CH 
fonned  (l)  when  piperidylurethane,  CH,<^tt' *  pp|*>N .  COjC^Hj,  is  oxidized 

with  nitric  acid  (B.  z6,  644) ;  (2)  by  means  of  potassium  phthalimide ;  either — (a)  by 
the  double  decomposition  of  brom-ethyl  phthalimide  with  sodium  malonic  ester  (see 
above),  or  (i)  by  transposing  cj-brompropyl-phthalimide  with  potassium  cyanide,  and 
decomposing  the  phthalyl-y-amidobutyric  nitrile  (B.  23,  1772). 

y-Amidovaleric  Acid,  CH,.CH(NH,)  CH, .  CH, .  CO,H,  results  from  the 
decomposition  of  phenylhydmzone-IsTulinic  acid  by  sodium  amalgam  (B.  27,  2313). 
It  melts  at  193**.     Both  ^-amido-acids,  when  heated,  pass  into  lactams. 

<5-Amido-n-valeric  Acid,  NH,(CH2\ .  CO,H  (Homopiperidic  Acid),  melts 
at  158**.  Its  benzoyl  derivative  and  sulpho-^amido-valeric  add,  SO,[NH(CH,)4- 
CO,H],,  melting  at  163°,  are  formed  when  benzoyl  piperidine, 

ch.<ch;:ot;>nco<^h.. 

and  sulphopiperidine  are  oxidized  with  KMnO^  (B.  2Z,  2240).  The  acid  results  from 
phthalyl  propyl  malonic  diethyl  ester  (B.  23,  1769).  In  the  latter  manner  the  follow- 
ing acids  have  been  prepared:  a-MethyI-r(-amido-n-valeric  acid,  NH,.  CH, .  CH,.  - 
CH, .  CH(CH,)CO,H,  melting  at  168** ;  a-Ethyld-amido  n-valeric  acid,  NH, .  CH, .  - 
CH,  .CH,.CH(C,H.)CO,H,  melting  at  200-200.5®;  a-Propyl-(J-amido-n-valeric 
acid,  NH,.CH,.CH,.CH,.CH(C,H,)CO,H,  melting  at  i86«>  (B.  24,  2444). 
6-Amidon-Octanic  Acid,  Homoconinic  acid,  C,H, .  CH(NH,) .  CH, .  CH, .  CH, .  - 
CO,H,  melts  at  158°.  Its  benzoyl  derivative  is  produced  when  benzoyl  conine  is 
oxidized  with  potassium  permanganate  (B.  19,  502). 

r-  and  d- Lactams:  Cyclic  Amides  of  the  r-  and  d- Amide- 
carboxylic  Acids. 

These  bodies  are  fonned  when  the  ^-  and  ^-amido-acids  are  heated 
to  their  point  of  fusion.  They  then  lose  water,  and  suffer  an  intra- 
molecular condensation.  Some  of  them  have  been  obtained  by  the 
reduction  of  the  anilchlorides  of  dibasic  acids — e,  g,,  dichlormalein 
anilchloride.  They  correspond  to  the  y-  and  lactones.  The  names 
/'-lactams  and  ^-lactams  have  been  given  them  to  recall  the  lactones. 
They  are  cyclic  acid-amides.  Just  as  the  lactones,  under  the  influence 
of  the  caustic  alkalies,  yield  oxy-acid  salts,  so  the  lactams,  when 
digested  with  alkalies  or  acids,  pass  into  salts  of  the  araido-acids,  from 
which  they  can  be  formed  on  the  application  of  heat. 

Further,  the  y-  and  ^-lactams  bear  the  same  relation  to  the  imides 
of  the  Y'  and  ^-alkylen  diamines  as  the  lactones  sustain  to  the  oxides 
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of  the  Y'  and  ^glycols  (p.  343).    These  relations  are  apparent  in  the 
following  arrangement : 


CH, .  CH,OH 

(}h,  .  CHjOH 

Tetrametbylenc 

Glycol 

CH, .  CH, 

CH| .  Cxi| 

Tetrmmethylenc 

Oxide, 
Tetrahydrofur- 

fttrane 

CH, .  CO 

dn, .  CH,-^^ 

y-Butyrolactooc 


c«.<OT::aI:>o  CH.<g^;g»J>NH 


CH,.CH,.NH,  CH,.CH,OH    ,_,  ^CH_CHLKH, 

<iH,.CH,.NH,    ^"«<CH,CH,OH        *^<CH,CH,NH, 

Tctrmnetoylctic  PenUmethvlenc  Ptttamactl 

Diamine  Glycol  Diamti 

Cri| .  CH  J 

Tetimmetbylene 

Imide. 

Tetrahydro* 

pyrrol 

CH, .  CO 

CH, .  Cr^ 
y-Butyrowctam, 
o-PyrroUdooc 


PenUmcthylcDe 
Oxide 


PeBtanetbylene  Imide, 
Piperidine 


"i.<cS;:^>o  cH.<g^;^>NH 


^Valcrolactone 


X-Valerolactam, 

•Oxopiperidioe, 

o-Pipaidonc. 


IS  re< 


CH,.CO 
y- Lactams :   y-Buiyroladamf  a-FyrroUdone,  J  >NH,  meltiog  at  25®  to 

CH, .  CH, 

28^  and  boiling  at  245^,  unites  with  water  to  a  crysUlIine  hydrate,  C^H^ON  +  H,0, 
melting  at  35^.  n- Pkenyl-y  hutyrdactam  is  produced  in  the  reduction  of  di- 
chlormalein  anilchloride  (B.  28,  58).  y-Vaierolactam^  J-methjl  pyrrolidone, 
CH  ^CH^CH  ^ 
I    *  >NH,  melting  at  37**  and  distilling  without  decomposition,  i 

duced  by  aroyl  alcohol  and  sodium  to  a-methyi  pyrrolidine  (p.  3 1 5)  (B.  22,  i860, 
3338.2364;  23,708). 

6'l^z\9Jti%:^yalerolactamt    a-Ketopiperidine,  a-Oxopiperidine,  a-Fiperidone, 

CH,<^"« '  CH  >N*^»  °**^^  **  39-40®  and  boils  at  256<»  (B.  21,  2242).  a-Metkyl- 
6'VaUr0ia(tam,  /3- Methyl  Piperidone,CH,<^[j(^^^^>NH,  melts  at  53. 5«  to  55». 

n-EtAy/'SvaUro/ac/am,  P-Eihjl  Piperidone,  CH,<^^^^"»j.^>NH,  melts  at  68» 
and  boils  at  140-142^  (42  mm.)  (B.  23,  3694).  a-Propyl-^'Valen^attamy 
/J  Propyl  Piperidone,CH,<^JJ(^»^^>NH.  melts  at  sq*'  and  boils  at  274^ 

d-n-  Octanolactam,  Homoconinic  Acid  Lactam,  CH,<^*^»^^    >NH    ,  melts  at  84**. 

CH, .  CH  —  CjHf 
The  aniidoacids  are  not  poisonous,  but  their  /-  and  o-lactams  are  violent,  strych- 
nine-like poisons,  affecting  the  spinal  cord  and  producing  cramps.    We  shall  again 
meet  these  bodies  under  the  pyrrol  and  pyridine  derivatives,  where  they  will  appear  as 
tetrahydropyrrol  and  piperidine  compounds. 

9.  Patty  Acid  Nitramtnes,  Niiramine-acetic  Add,  CO,H.  CH,.  NH  .  NO,(?), 
melting  at  103°,  is  prepared  by  saponifying  its  ethyl  ester  (melting  at  24°),  which 
results  on  treating  nitrourethane  acetic  ester,  CO,C,Hj.  CH,N(NO,)CO,C,Hj,  with 
ammonia  (B.  29,  1682). 

10.  laonitramine  Fatty  Acids  are  obtained  in  the  form  of  their  sodium  salts  when 
im  isonitraroine  acetoacetic  esters  and  sodium  isonitiamine-mono-alkyl  aceto- 

esters  are  acted  upon  by  the  alkalies  (B.  29,  667).  They  are  converted  into 
xy- fatty  acids  by  dilute  mineral  acids  (p.  350).  Acid  reducing  agents  change 
o  amino-fatty  acids,  while  alkaline  reducing  agents  produce  diaso-acids  (p.  365) 
fdrazino-acids  (see  below). 
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O 
lioniiramine'acetic  Acid,  CO,H .  CMiN<  '  ^.     »  and  its  homologues  are  syrupy, 

easily  decomposable  liquids.    Their  lead  salts  dissolve  with  difficulty. 

II  {a).  Hydraxino-fatty  Acids  are  obtained,  together  with  the  diazo-acids,  when 
the  isonitramine-fatty  acids  are  acted  upon  with  alkaline  reducing  agents.  Their 
carbamide  derivatives  are  obtained  in  the  form  of  nitriles  when  prussic  acid  adds  itself 
to  the  ketone  semicarbazides.  a- Hydratino- propionic  Acid,  Amido-alanine,  Nil,,- 
NH.  CH(CH,)CO,H.  melting  at  180**,  is  formed  from  a-isonitramine  propionic  acid 
(B.  29,  670).  a-HydratinobutyHc  Acid,  NH, .  NH .  C(CHg^,CO,H,  melts,  with  de- 
composition, at  237^.  It  is  formed  when  steam  acts  upon  its  benzal  derivative.  The 
latter  is  made  by  acting  on  acetone  semi-carbazide,  NH,CO .  NH  .  N  ==  C(CH,),, 
with  prussic  acid,  when  carbonamid-hydrazino-isobutyronitrile  is  produced.  This  is 
then  decomposed  with  hydrochloric  acid,  and  benzaldehyde  is  added  (A.  ago,  15). 

%'Phenylhydra%ino'acetu  Acid,  CgH-NH  .  NH  .  CH,  .CO,H,  melting  at  158®, 
is  produced  by  the  careful  reduction  of  phenylhydrazone-glyoxylic  acid,  and  when 
chloracetic  acid  acts  upon  phenylhydrazine  (B.  a8,  1230).  Mnvfm.-PhenylhyJrazino- 
acetU  Acid,  C,H5N(NH,)CH, .  CO,H,  melts,  with  decomposition  at  l67<'  (B.  28, 
1226). 

II  (b\  Hydrazo- fatty  Acids. — When  a  hydrazino- fatty  acid  is  treated  with  acetone 
and  potassium  cyanide,  a  hydrazo-nitrile  acid  results :  thus,  from  a-hydrazino-isobutyric 

acid  we  gtihydrato-isobtityro-nitrilicacidf  (CHj)jC<^pQ  H~rN-^^(^^s^»»  melting 

at  100^.  When  hydrazine  sulphate  (i  mol.),  acetone  (2  mols.),  and  potassium  cyanide 

(2  mob.)  react,  the  product  is  A5/</raw-Ma^«/)^<wf»/ri/^,  (CH3),C<^^ CN^^" 

(CHg),,  melting  at  92^.     Hydrochloric  acid  converts  both  nitriles  into  Hydrazo- 

isobuiyru  Acid,  (CH,),C<^^^5 CO  H>^(^"^»)«'  mt\\xsi%  at  2230  (A.  290,  i). 

12.  A20-fatty  Acids. — Bromine  water  oxidizes  hydrazo-esters  and  hydrazonitriles 

to  the  corresponding  azo-bodies.     Azo-isobutyronitrile,  (CH3),C<pj,T    r|ij>C- 

(CH,),,  melting  at  105®,  when  heated  alone,  or,  better,  with  hot  water,  passes  into 
tctramethyl  succinic  nitrile  (A.  ago,  i). 


B.  UNSATURATED  OXY-ACIDS,  OXY-OLEFINE  CARBOXYLIC  ACIDS. 

The  a-acids  are  formed  when  their  nitriles,  the  additive  products  arising  from 
hydrocyanic  acid  and  unsaturated  aldehydes,  are  treated  with  cold  hydrochloric  acid. 
When  boiled  with  dilute  hydrochloric  acid,  the  a-oxy-A/3/-unsaturated  acids  are 
rearranged  into  y-ketone  carboxylic  acids  (Fittig,  B.  2g,  2582) — €.g,,  crotonaldehyde 
yields: 

CH, .  CH  :  CH  .  CH<Q^^,  which  passes  into  CH, .  CO .  CH, .  CH, .  CO,H 
a-Ozy-pentenic  Acid  Laevulinic  Acid. 

^-Ozy- unsaturated  Acids. — Oxy-methylene  acetic  acid,  formerly  called  formyl- 
acetic  acid,  must  be  considered  an  unsaturated  i^-oxy  acid  (compare  oxy-methylene 
acetone,  p.  319). 

^-Oxy-acrylic  Acid,  Formyl  Acetic  Acid,  Oxy-methylene  Acetic  Acid*,  HO .  CH  = 
CH  .  CO|H  (early  formula,  CHO  .  CH,  .  CO,II).  Its  ester  is  formed  by  the  conden- 
sation of  acetic  ester  with  formic  ester.  Metallic  sodium  Is  used  for  this  purpose. 
It  readily  condenses  to  trimesic  ester  or  benzene- 1. 3. 5-tricarboxylic  ester,  C«H,- 
(CO,C,H(),  (B.  21,  1 146).  The  sodium  compound  of  the  fi  oxyacrylic  ester  com- 
bines with  acetyl  chloride  to  the  acetate  CPI(0C0CII,) :  CH  .  COsQH,^,  boiling  at 
126^  (under  46  mm.),  which  bromine  changes  to  the  acetate  of  a^-Diirom-P'Oxy- 

3J 
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profdonic  ester^  CH, .  CO .  OCHBr .  CHBr .  COjCjHj,  boiling  at  I53-I54®  (34mm). 
This  reveab  the  constitution  of  the  acetate  (B.  25,  1040).  Concentrated  solphnnc 
add  converts  formyl  acetic  acid  into  coumalic  acid  (see  this). 

a-OxymethyleiU'propionic  ^j/irr, methyl-formyl  acetic  ester,  HO.CH  :  C{CH,).- 
CO,C^H(,  boils  at  i6o-i62*>.  Its  acetate  t>oils  at  132®  (48  mm.).  fi-Oxyisocrotamc 
Acid^  CH, .  C(OH)  =  CH .  CO,H,  is  not  known,  but  its  ketoform,  acetoacetic  add, 
is  known. 

The  following  bodies  must  be  regarded  as  derivatives  of  ^-oxycrotonic  acid: 
^'AfetAoxy{{rans)isoerotoHic  Acid,  CH, .  C(0 .  CH,) :  CH .  CO,H,  melUng  at  12&5*', 
may  be  obtained  by  the  action  of  sodium  ethylate  upon  /?-chlorisocrotonic  ethyl  ester 
(p.  280)  (A.  219,  344).  p'Methoxy{Xxzxis)isocroi<mic  Ethyl  Ester^  60m ^-chloriso- 
crotonic  ethyl  ester  and  sodium  methylate  (A.  256,  207),  boils  at  178®.  p-Methoxy- 
{c\s)isocrat(mic  Ethyl  Ester,  from  acetoacetic  ester  and  diazometbane  in  ether, 
boils  at  188**.  Both  esters  on  saponification  yield  the  same  j3-methoxy(tnns)iso- 
crotonic  acid  (B.  28, 1626).  ^-Ethoxy-isocrotmic Ethyl  Ester,  CH,C(OClH.)  :  CH  .- 
COjCjHg,  melting  at  30°  and  boiling  at  195°,  is  also  formed  when  acetyl  chloride  is 
allowed  to  act  upon  a  mixture  of  acetoacetic  ester  and  orthoformic  ester  (B.  96, 2729). 
The  free  acid  is  obtained  by  its  saponification,  and  on  splitting  off  caiboa  dioxkle 
yields  isopropylene  ethyl  ether  (p.  136). 

/3-Oxycrotonic  acid  derivatives  are  also  formed  when  sodium  acetoacetic  ester  is 
treated  with  Q .  COOC,H.,  CHjCOCl,  and  CgHjCOCl  (see  p.  377).  pCarUthoxyl- 
oxycrotonic  Ester,  CH, .  <:(OCO,C,Hg)  =  CHCOjCjH.,  boils  at  131®  (14  mm.)  (B. 
25,  1760).  P-Acetyl-oxycrotonic  Ester,  CH,.  C(OC.  OCH,)  :  CHCO,CLH..  boils  at 
98°  (12  mm.).  P  Benzoyl-oxycrotonic  Ester,  CH, .  C(OCOC,H4)  =  CHCO,C,H„ 
melts  at  43°.  In  contrast  to  the  isomerides,  in  which  the  three  acid  radicals  are 
attached  to  the  a-carbon  atom,  the  /?-oxycrotonic  esters  do  not  dissolve  in  the  alka- 
lies. Alcoholates  cause  them  to  revert  to  acetoacetic  ester.  At  low  temperatures 
they  take  up  bromine.  Their  formation  from  sodium  acetoacetic  ester  argues  for  the 
formula  CH, .  C(ONa)  :  CH  .  COjCjH^  of  the  latter  (p.  372). 

y.  and  ((-Oxyolefine  acids  are  known  in  the  form  of  their  lactones ;  some  of 
them  have  been  prepared  by  the  distillation  of  /-ketonic  adds :  thus,  laevulinic  and 
acetyl  laevulinic  (p.  379)  acids  yield : 

a-Angelica  lactone,  CH, .  C :  CH .  CH,C0O,  melting  at  18°  and  boiling  at  l67<»- 

P- Angelica  lactone,  CH,:C  —  CH,.CH,C0O,  boiling  at  83®  (25  mm.),  gradually 
changes,  when  distilled  under  ordinary  pressure,  into  a-angelica  lactone. 


Parasorbic  Acid,  or  Sorbin  Oil,  CH, .  CH,  .  CH  .  CH  :  CH .  COO,  or  CH, . 


,  .(!:H.CH:  CH.COO, 


CH  .  CH,.  CH  :  CH  .  COO,  boiling  at  221®,  occurs,  together  with  malic  add,  in  the 
juice  of  ripe  and  unripe  mountain  ash  berries  (Sorbus  aucuparia).  It  is  optically 
active :  [a]j  =  -|-  40.8,  and  is  an  energetic  emetic.  It  passes  into  sorbic  acid  (p.  289) 
when  heated  with  sodium  hydroxide  or  hydrochloric  acid  (B.  27,  344).  Mesitonic 
acid  (p.  381)  yields  a-Dimethyl-a  angelica  lactone,  melting  at  24°  and  boiling  at  167^. 
Unsaturated  d-lactones  have  been  obtained  from  coumalic  acid  and  isodehydracetic 
acid  by  the  splitting-off  of  carbon  dioxide : 

Coumalin,  CH  =  CH  — CH=CH.  COO,  melting  at  +  5°  and  boiling  at  I20<> 
C.  (30  mm.),  has  an  odor  like  that  of  coumarin  (A.  264,  293). 


[,(!:  =  CH  — 


Mesitene  Lactone,  jSd- Dimethyl -coumalin,  CH,C  =  CH  —  C(CH,)  =  CH .  COO, 
melts  at  51.5°  and  boils  at  245**.  When  heated  with  ammonia  it  changes  to  the  cor- 
responding lactam,  so-c^^WtApseudo-lutidostyril,  mesitene  lactam  (p.  363). 

Ricinolcic  Acid,  CkjH^O^,  is  an  unsaturated  oxy-carboxylic  acid  (p.  286). 

Unsaturated  /?-Amido-acids  and  /?-Hydrazido-acids. 

£sters  o(  unsaturated  /3-amido-acids  are  formed  when  ammonia  or  primary  and 
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secondaiy  amines  (B.  z8,  619 ;  25,  777)  act  upon  acetoacetic  esters  and  monoalkyl 
acetoacetic  esters. 

P'Amidocrotonu  Ester,  CH,C(NH,) :  CH  .  COjC^Hj,  boiling  at  34®,  is  produced 
when  ammonia  acts  upon  acetoacetic  ester,  as  well  as  upon  /S-chloranticrotonic  ester 
(B.  a8,  R.  927).  Aqueous  hydrochloric  acid  causes  it  to  revert  to  acetoacetic  ester 
(A.  236,  292),  while  dry  hydrogen  chloride  produces  a  salt,  which  at  130**  is  re- 
arranged into  ammonium  chloride,  and  the  ester  of  an  unsaturated  J-lactam-carix)xyIic 
w6Ar-pseudihlutido5tyrU  carboxylic  acid  (B.  20, 445  ;  A.  259, 172).  For  the  effect  of 
heat  upon  the  free  ester  consult  B.  28,  K.  603. 

P'Anilidocrotonic  Ester,  CHjC(NHC.H5)  =  CH  .  COjCjHj.  a  thick  oil,  distils  un- 
decomposed  under  reduced  pressure,  and  when  heated  to  200^  at  the  ordinary  pressure 
is  condensed  to  y-oxyquinaldine  and  phenyl-lutidone  carboxylic  acid  (B.  20,  947, 

1398). 

These  derivatives  of  )3-amido-crotonic  acid  manifest  no  inclination  towards  the 

formation  of  simple,  cyclic  /3-lactams,  but  when  they  condense  through  the  inter- 
action of  two  molecules,  bodies  of  complex  constitution  result.  The  conditions, 
however,  immediately  change  when  hydrazine  and  pkenythydrazine  are  substituted 
for  ammonia  and  ammonia  bases  in  the  reaction  with  acetoacetic  esters.  The  ten- 
dency on  the  part  of  the  resulting  primary  /3-hydrazido-crotonic  acid  derivatives  to 
lactam  formation  is  exceedingly  great.  The  products  have  been  called  pyrazolon- 
derivatives.  Antipyrine  belongs  to  this  class.  Should  it  seem  desirable  to  introduce 
a  special  name  for  these  lactams,  in  which  the  lactam -ritrogen  is  joined  to  a  second 
nitrogen  atom,  they  might  be  designated  lactazams.  Thus,  /3-hydrazido-crotonic  ester 
loses  alcohol  and  passes  easily  into  the  corresponding  lactazam — 3-methylpyra2olon : 

CH, .  C :  CH .  CO  .  OCjH^  CH, .  C  :  CH  .  CO 

NH— NH,  NH NH 

Lactams  of  Unsaturated  d-Amido-acids. 

XH  —  CO. 
o-Pyridone,    [(5- Amino-pentadi€n- lactam]     CH^  J^NII,  melting    at 

^CH  =  CH^ 
106^,  is  obtained  from  the  reaction  product  of  ammonia  and  couroalic  acid  after  the 
elimination  of  carbon  dioxide  (B.  18,  317).     It  can  be  converted  into  the  odorless 

XH  —  CO  V 
Etkylimide,  CU^  ^N.C,H.,  boiling    at  258®,   and  a-Ethoxypyridine, 

^CH  =  CH'^ 
XH  —  C(0  .  C,Hj)s^ 
CH-^  ^N,  boiling  at  156®,  and  possessing  an  odor  like  that  of 

\CH  ==  CH^ 
pyridine  (B.  24,  3144)- 

Pseudolutidostyrii,  [^.$\dimethyl'a-pyridonef  mesitene  lactam, 

XH CO 

CH,  — Cf  ^NH, 

^CH  =  C(CH,)'^ 

melting  at  180®  and  boiling  at  305°,  is  formed  when  ammonia  acts  upon  mesitene 
lactone,  and  from  the  two  monocarboxylic  acids  of  this  lactam  by  the  elimination 
of  CO,  (A.  259,  168). 


8.  ALDEHYDE  ACIDS. 

These  are  bodies  which  show  both  the  properties  of  a  carboxylic 
acid  and  of  an  aldehyde.  Formic  acid  is  the  simplest  representative 
of  the  class,  and  it  is  also  the  first  member  of  the  homologous  series  of 
saturated  aliphatic  monocarboxylic  acids.     But  it  and  its  derivatives 
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have  been,  with  repeated  reference  to  its  aldeliydic  nature,  discussed 
before  acetic  acid  and  their  higher  horaologues.  The  best  known  alde- 
hyde carboxylic  acid,  a  compound  of  the  aldehyde  group  CHO  with 
the  carboxyl  group  COOH,  is  glyoxylic  acid,  which  is  an  oxidation 
product  of  ethylene  glycol. 

Glyoxylic  Acid,  GlyoxaUc  Acid  [Ethanal  Acid]  (HO),  .  CH.- 
CO^H,  was  found  by  Debus  (1856)  among  the  products  resulting  from 
the  oxidation  of  alcohol  with  nitric  acid.  It  occurs  in  the  unripe 
gooseberries.  Just  as  chloral  hydrate  is  to  be  considered  as  trichlorethi- 
dene  glycol,  CCl3CH(OH)j,  so  crystallized  glyoxylic  acid  can  be  re- 
garded as  the  glycol  corresponding  to  the  aldehydo-acid,  CHO .  CO jH. 
All  the  salts  are  derived  from  the  dihydroxyl  formula  of  glyoxylic 
acid ;  hence  it  may  be  designated  dioxy-acetic  acid.  Like  chloral 
hydrate,  glyoxylic  acid  in  many  reactions  deports  itself  like  a  true 
aldehyde  (B.  25,  3425)- 

Methods  of  Formation. — Glyoxylic  acid  is  obtained  by(i)  oxidizing 
glycol,  alcohol  and  aldehyde  together  with  glyoxal  and  glycollic  acid; 
(2)  by  heating  dichlor-  and  dibrom-acetic  acid  to  230®  with  water 
(B.  25,  714);  (3)  by  boiling  silver  dichlor-acetate  with  water  (B.  14, 
578);  also  from  hydrazi- acetic  acid  (p.  366). 

Properties. — It  is  a  thick  liquid,  readily  soluble  in  water,  and  crys- 
tallizes in  rhombic  prisms  by  long  standing  over  sulphuric  acid.'  The 
crystals  have  the  formula  C2H4O4.  It  distils  undecomposed  with 
steam. 

Salts. — When  dried  at  100®,  the  salts  hare  the  formula  C,H,Me04.  The  amim^ 
nium  salt  alone  has  the  formula  C,H(NH4)0|.  The  calcium  salt^  {Ofifi^^fit^ 
crystallizes  with  one  and  two  molecules  of  water  (B.  14,  585),  and  b  spariogly  tola- 
ble  in  water. 

Deportment. — Glyoxylic  acid  manifests  all  the  properties  of  an  aldehyde.  It  re- 
duces ammoniacal  silver  solutions  with  formation  of  a  mirror,  and  combines  with  pri- 
mary alkali  sulphites  (p.  191),  with  phenylhydrazine  (B.  17, 577),  with  hydroxylamine, 
thiophenol  and  hydrochloric  acid  (B.  25,  3426).  When  oxidized  ^silver  oxide),  it 
yields  oxalic  acid ;  by  reduction  it  forms  glycollic  acid  and  racemic  add,  CO^H  .• 
CM(OH) .  CH(OH)COOII.  On  boiling  the  acid  with  alkalies,  glycollic  and  oxalic 
acids  are  produced  (H.  13,  1931). 

This  reaction  is  extramolecular.  It  completes  itself  by  the  intramdieailar  rear- 
rangement of  the  glyoxal,  under  like  conditions,  into  glycollic  add : 

COOH  COOH         COOH 

^  c!h0     +  ^«^  =  (iHjOH  +  COOH 

Glyoxylic  Glycollic  Oxalic 

Acid  Acid  Acid. 

When  hydrocyanic  and  hydrochloric  acids  act  upon  glycollic  add,  a  like  tnnsp 
lition  ensues.     See  conversion  of  urea  into  allantoin. 

The  acids  obtained  by  the  condensation  of  formic  ester  with  acetic  ester  f 
mono-alkyl  acetic  esters  are  unsaturated  j3-oxy-acids.     They  were  formerly  though 
be  ^aldehydo-acids.     Formyl  Acetic  Acid,  CHO .  CH, .  COOH.  is  of  this  d 
Oxy-methylene  Acetic  Acid^  HO .  CH :  CH  .  CO,H,  is  another.   These  oxy-methjf 
-^'i«  have  been  already  described  in  connection  with  the  oxy-parafiin  carbo 
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UNSATURATED  ALDBHYDCACIDS. 

MueochlorU  Acid,  the  half-aldehyde  of  dichlormalelc  acid,  CHO.Ca  =  Ca.CO,H, 
melting  at  125®,  and  mwfo^nwfu- anic/,  CHO.  CBr  =  CBr.  CO,H,  melting  at  \22^ 
(B.  a8,  1886),  ponoduced  in  the  action  of  chlorine  and  bromine  upon  pyromucic  acid, 
are  probably  substitution  derivatives  of  the  unknown  acid  CHO  .  CH  =  CII .  CO,H 
(Beilstein,  L.  Jackson  and  Hill).     Furthermore,  the  following  constitutional  formula 

XC .  CH OH 

has  been  proposed  for  these  adds:      \\    ^^>0  (■^'  *39»  *77)'     This  would 

seem  to  indicate  that  the  acids  are  7-oxylactones  (compare  /-ketone  carboxylic  acids). 

BrC .  CHO .  CO .  CH, 
Acetyl  MucobromU  Add ^      ||      >0  ,  melts  at  50^ 

BrC.  CO 
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Diazoacetic  acid,  N,CH  .  CO,H,  is  the  most  remarkable  derivative 

of  glyoxylic  acid.     As  it  contains  two  doubly-linked  nitrogen  atoms, 

it  may  be  compared  to  the  aromatic  diazo-bodies  (see  diazobenzene). 

However,  in  the  latter  the  extra  affinities  of  the  diazo-group  — N=N— 

or  3ssN=N  are -combined  to  two  atoms,  while  in  diazoacetic  acid 

N. 
they  are  joined  to  a  single  carbon  atom,  n  ^CH .  CO,H.     Separated 

by  acids  from  its  salts,  it  undergoes  an  immediate  decomposition,  but 
it  is  quite  stable  in  its  esters  and  its  amides. 

The  sodium  salts  of  the  diazo-acids  have  been  prepared  by  reducing 
the  isonitramine  fatty  acids  (p.  360)  with  sodium  amalgam  (W.  Traube, 
B.  29,  667) : 

HO,N,CH,CO,H  +  2H  =  2H,0  +  N, :  CH  .  CO,H. 

The  esters  of  the  diazo-acids  result  when  potassium  nitrite  acts  upon 
the  hydrochlorides  of  the  amido-fatty  acid  esters  (p.  355)  (Curtius, 
1883,  B.  29,  759)  : 

HCl .  (H,N)CH, .  CO,C,H,  +  NO,K  =  N, :  CH .  COjCjH^  4-  KCl  +  2H,0. 
Glycocoll  Ester  Diazoacetic  Ester. 

Hydrochloride 

The  diazo-acids  are  very  volatile,  yellow-colored  liquids,  with  peculiar  odor. 
They  distil  undecomposed  with  steam,  or  under  reduced  pressure.  They  are 
slightly  soluble  in  water,  but  mix  readily  with  alcohol  and  ether.  Like  acetoacetic 
ester,  they  are  feeble  acids ;  the  hydrogen  of  their  CHN,-group  can  be  replaced  by 
alkali  metals.  This  change  may  be  effected  by  the  action  of  alcoholates.  Aqueous 
alkalies  gradually  saponify  and  dissolve  them,  with  the  formation  of  salts,  CHN, .  • 
CO,Me.  Acids  decompose  these  at  once  with  the  evolution  of  nitrogen.  Sodium 
amalgam  reduces  them  to  hydrazino-acids  (B.  ag,  667). 

Sodium  diatoacctaUy  yellow  in  color,  dissolves  with  extreme  ease  in  water.  The 
reaction  of  its  solution  is  alkaline. 

Ethyl  Diazoacetate,  CHN, .  CO, .  C,Hg,  boils  at  143-144®  (under  X20  mm. 
pressure) ;  its  sp.  gr.  is  1. 073  at  22^.  When  chilled  it  solidifies,  forming  a  leafy, 
crystalline  mass,  melting  at  — 24®.  It  explodes  with  violence  when  brought  in  con- 
tact with  concentrated  sulphuric  acid.     A  blow  does  not  have  this  effect.     It  is  a 
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«--;•>  K>1  l»  mrr.tpy  laS,  Hg(CN,  ,  CO,  .  C,H,)„  mdti  with  rouDing  u  104O. 
t,  (Hs.^  vWr  nlo-'ii  laereuiic  oxide  kcU  apaa  duiioacelic  otcr.  Tlie  miitarE 
^y-».'  M  ■*-'  .'tvi:al.  It  wpantei  from  euier  in  cnniparen),  lalphur-fcUow, 
[1  ^-i  -  c-f«alt.  CtHKtnlnled  unnionu  conTcrti  it,  like  all  other  esten,  into  an 
^m*t,  li»iii»m"MMi  CHN, .  CO .  NH,,  meltini;  u  ■14°  *ilh  decompotitiao. 
)KkM   ihiwi  iiir  cMcr  is  redoced  h  breaks  down  iolo  »mm«>if  aod  gljcocoU. 

fw?.^-»«A  *■■"'■  A    >CH.CO,H,»Ubleanl;inthefi>nnofiUMlB,isan  iDler- 

SC..1  tf-  imtet    Achb  decompoM  it  into  hyAnnne  and  glyoiytic  add  [B.  aj,  775). 
-V-  •■  -»>'>  .wT-.vanda  of  the  manb-gas  lerici  are  espedallj  leactitE.     Thej  ^tit 
4^  I  c-  V '''  ^^-  ^  H*'^  i*  taken  either  by  twc  uniTalent  atoms  or  ndicala. 

■V  .  i.:\-  nteii  aare  converted,  by  boiting  valer  or  dilute  acids,  into  esten  of 
a<         -  -  .  J  (glycol  aci<J»,  p.  330) : 

^';^s,.cD,.c,H,  +  h,o  =  ch,(ohj.co,.c:h,  +  n, 

Encr  oT  GljrcoUrc  Acid. 


.^     ;*  of  alilehyde  ii  produced  at  tbe  same  time, 
t.-.   .vinalives  of  the  giycollic  esters  areobuined  on  heating  the 
...>  .<<);4mc  acids: 


'  V  hi'.'ul  Hci'U  ad.  even  in  the  cold,  upon  the  diaxo-conipounds.     Tlte 

\llN",,rO,.C,H,  +  Ha  =  CH,a.CO,.C,Hj  +  N,. 
■  V  N^^i^rns  [iroduce  esten  of  dihalojd  Tatty  acids; 


tllN,,ClT,.C,H,  +  I,  =  CHI,.  CO,.  ^H,- 

Di-iod»a«lic  ^ler. 


witli  diaio  eslera.      (7)  They  reiert  lo  the  amido-adds  upoD 
'lust  and  glacial  acetic  acid).     Hydtaztne- fatty  acids  aie  intet^ 
llieae  are  not  very  stable  (B.  17,  957). 
ihe  diaio-fatty  acids  unite  with  aldehydes  to  fbnn  esters  of  the 


I       t    ^CH  CH'=^    "*^CH. 

ncx  II         or      I  I    >:hx. 

.  the  pr—  ^"  ^  M.  (B.  ag,  108}. 
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(10)  The  diaroacetic  esteis  and  the  esters  of  the  unsaturated  acids  (acrylic, 
cumamic,  fnmaric)  combine  to  additire  products,  which  crystallise  well : 

CH,  CX),R .  C CH, 

11      -h  NXH.CO-R  =  |[  I 

RO,c .  CH  N— nh-4:h  .  CO,R 

Acrylic  Ester       Diaaoacetic  Ester      3. 4-PyrazoIine  Dicarbozylk  Ester. 

On  the  application  of  heat  nitrogen  is  split  off,  and  an  ester  of  trimethylene 
dkarboxylic  add  results : 

I       >N,:CH.CO,R=  |       >CH.CO,R 

RO, .  C .  CH  /  RO,CCH  / 

Trimetbylene-dicarbozylic  Ester. 

Starting  with  diazoacetic  esters  Curtius  obtained  diamide  or  hydra- 
sifUy  NH, — NH,  (B.  27,  775)  and  from  the  latter  hydromtric  acid^ 
NjHy  hydrazaic  acid, 

Triasuhocetic  Addj  Triazo-tximethylene-tricarhoxylic  acid, 

,N,— CHCO,H 
CO,H .  CHC  >N,      , 

^N,  — CHCOjH 

a  polymerization  product  of  diazo-acetic  acid,  is  the  starting-out  material  for  the 

preparation  of  diamide. 

Its  sodium  salt  is  formed  when  concentrated  sodium  hydroxide  acts  upon  diazo-acetic 

ester;    it  crystallizes  with  3H,0  in  brilliant,  orange-yellow  plates,   which  melt 

at  152^  when  rapidly  heated  (B.  aa,  R.  133,  196).    The  acid  is  almost  insoluble  in 

cold  water,  ether  and  benzene,  but  soluble  in  alcohol  and  glacial  acetic  acid.     The 

sodium  salt  dissolves  with  difficulty.     The  free  acid,  on  heating,  breaks  down  into 

N .  NH  .  CH :  N  .  NH  ^^^ 
CO,  and  colorless,  crystalline  Trimithini-iriatimide^  ^  1      (?). 

Triazo-acetic  acid  upon  digestion  with  water  or  mineral  acids  is  resoWed  into 
oxalic  add  and  Hydrazine : 

C,H,N,(CO,H),  -h  6H,0  =  3C,H,0,  +  3N,H,. 

Omn^s.—Oximidoacetic  Add,  HO.  N  =  CHCO,H,  melting  at  X37®,  is  formed 
from  glyoxylic  acid  and  hydroxylamine,  as  well  as  from  dichlor-  and  dibromacctic 
add  by  means  of  hydroxylamine  and  caustic  potash.  Oximido-acetic  Ethyl  Ester,  a 
thick  oil,  is  changed  by  oxidation  to  dioxo-succinic-dioxime-peroxide  (B.  a8,  1213). 
Oximido-acetoaceHc  Acid,  CO,H .  CH  =  NO .  CH, .  CO,H.  melting  at  l8l*>,  results 
from  oximido-acetic  acid  and  chlor-acetic  acid  in  alkaline  solution  (A.  aSg,  298). 
Oximido-acetonitriU  Acetate,  CH, .  CO .  ON  =r  CH  .  CN,  melts  at  46®  (B.  as,  912). 
^'Oximido-proffumic  Acid,  HO .  N  =  CH .  CH,  .  CO,H,  melts  at  117®  with  foam- 
ing. It.is  formed  when  hydroxylamine  acts  on  coumalic  acid  f  A.  a64,  286;  B.  25, 
1904).  It  is  the  oxime  of  the  half-aldehyde  of  malonic  acid,  which,  however,  is  not 
known,  but  rearranges  itself  to  oxymethylene  acetic  acid  (p.  361). 

Hydrazones. — Phenylhydrazone  Glyoxylic  Acid,  CeHjNHN  = 

CH.  CO,H,  melts  with  decomposition  at  137®  (A.  228,  353).     Com- 

N NH 

pare  phenyl  hydrazido-acetic  acid.     Pyrazolon,  JJ  I    ,  is  the 

CH .  CH, .  CO 

lactazam,  which  may  be  derived  from  the  unknown  half-aldehyde  of 
malonic  acid  (see  oxymethylene  acetic  acid,  p.  361). 
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9.  KETONIC  ACIDS. 

These  contain  both  the  groups  CO  and  CO,H ;  they,  therefore, 
show  acid  and  ketone  characters  with  all  the  specific  properties  pecu- 
liar to  these.  In  conformity  with  the  manner  of  designating  the  mono- 
substituted  fatty  acids  and  the  various  diketones  (pp.  274  and  321),  we 
distinguish  the  groups  a-,  fi-  and  y-  of  the  ketonic  acids : 

CHj .  CO .  CO.H        £h,  .  CO .  CH, .  CO,H         CH, .  <?0 .  CH, .  CH, .  CO,H 

a-Ketontc  Acid  ^-Ketonic  Acid  7-KetonicAcid 

Pyroracemic  Acid  Acetoacetic  Acid  Lsevulinic  Acid. 

The  a-  and  ;<-acids  are  quite  stable,  even  in  a  free  condition.  This  is 
only  the  case  with  the  /5-acids  when  in  the  form  of  esters.  If  they  are 
set  free  from  these  they  readily  decompose. 

The  names  of  the  ketonic  acids  are  usually  derived  from  the  fatty 
acids,   inasmuch    as  the  acid  radicals  are  introduced  into  these; 

CH3 .  CO .  CO,H         CH, .  CO .  CH, .  CO,H         CH3CO .  CH, .  CH, .  COJtl 

Acetyl-formic  Acid         Acetyl-  or  Aceto-acetic  Acid  ^Acetyl-propionic  Acid. 

or  these  acids  should  be  viewed  as  >&^/^-substitution  products  of  the 
fatty  acids  or  oxofatty  acids  (p.  211) : 

CH, .  CO  .  CO,H        CH, .  CO .  CH, .  CO,H        CH, .  CO .  CH, .  CH, .  CO,H 

a-Ketopropionic  Acid  0-Ketobutyric  Acid  y-ICetovaleric  Acid 

a-Oxopropionic  Acid  /i-Oxobulyric  Acid  y-Ozovaleric  Acid. 

The  "Geneva  names"  are  formed  by  the  addition  of  the  word  "add"  to  the 
names  of  the  ketones,  as  the  ketonic  acids  may  be  considered  as  the  ozidatioQ 
products  of  the  latter : 

CH,COCO,H  CH,CO .  CH,CO,H     .      CH,COCH,CH,CO,H 

[Propanon  Acid]  f2-Butaiion  AcidJ  [3-Pentanon  Acid]. 

Formation. — The  more  stable  a-,  ;'-  and  ^-ketonic  acids  can  be  pre- 
pared by  the  oxidation  of  the  secondary  alcohol  acids  corresponding 
to  them.  Other  methods  will  be  given  under  the  individual  classes 
of  these  acids. 

Transformations. — ^The  ketone  nature  of  these  acids  manifests  itself 
in  numerous  reactions,  e.  g.y  nascent  hydrogen  converts  all  the  ketonic 
acids  into  the  corresponding  alcohol  acids.  They  unite  with  alkaline 
sulphites,  with  hydroxylamine,  and  with  phenylhydrazine. 


A.  PARAFFIN  KETONE  CARBOXYLIC  ACIDS. 

a- Ketonic  Acids— R.  CO  .  CO,H. 

In  fliis  class  the  ketone  group  CO  is  in  direct  union  with  the 
acid-forming  carboxyl  group,  CO,H.  We  can  view  them  as  com- 
pounds of  acid  radicals  with  carboxyl,  or  as  derivatives  of  formic  acid, 
HCO  .  OH,  in  which  the  hydrogen  linked  to  carbon  is  replaced  by  an 
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acid  radical.  This  view  indicates,  too,  the  general  synthetic  method 
of  formation  of  these  acids  from  the  cyanides  of  acid  radicals  (p.  370), 
which,  by  the  action  of  concentrated  hydrochloric  acid,  are  changed 
to  the  corresponding  ketonic  acids : 

CH,.  CO.  CN  +  2H,0  +  HQ  =  CH,. CO .  CO,H  +  NH^Q. 

(i)  Pyroracemic  Acid,  Pyruvic  Acid  (acetyl  formic  acid),  [Pro- 
panan  Acid\  CH,.CO.CO,H,  melting  at  +3°  and  boiling  at  61® 
(12  mm.),  was  first  obtained  in  the  distillation  of  tartaric  acid, 
racemic  acid  (Berzelius,  1835)  and  glyceric  acid,  (i)  The  acid  is 
made  by  the  distillation  of  tartaric  acid  alone  (A.  172,  142)  or  with 
potassium  bisulphate  (B.  14,  321).  We  may  assume  that  in  this  de- 
composition the  first  product  is  a-oxyacrylic  acid,  which  at  once 
rearranges  itself  into  pyroracemic  acid : 

CH(OH) .  CO,H  _^o^H^o     C(OH)CO,H  CO .  CO,H 

(!;H(0H)  .  CO,H  CH,  CH, 

Tartaric  Acid  Hypothet.  »Oxyaco'lic  Acid      Pyroracemic  Acid. 

It  is  synthetically  prepared  from  (2)  a-dichlorpropionic  acid  (p.  275), 
when  heated  with  water;  (3)  in  the  oxidation  of  a-oxypropionic 
acid  or  ordinary  lactic  acid  with  potassium  permanganate ;  (4)  by 
the  decomposition  of  oxalacetic  ester;  (5)  from  acetyl  cyanide  by 
the  action  of  hydrochloric  acid  (see  above). 

Pyroracemic  acid  is  a  liquid,  soluble  in  alcohol,  water  and  ether, 
and  has  an  odor  quite  similar  to  that  of  acetic  acid.  It  boils  at 
165-170®,  decomposing  partially  into  CO,  and  pyrotartaric  acid 
(aCjH^O,  =  C5H8O4  4"  CO,).  This  change  is  more  readily  effected  if 
the  acid  be  heated  to  100®  with  hydrochloric  acid.  It  volatilizes 
without  decomposition  under  reduced  pressure.  Its  ethyl  ester  boils 
at  144°  (B.  26,  R.  769,  775). 

Transformations. — ^The  acid  reduces  ammoniacal  silver  solutions  with  the  produc- 
tion of  a  silver  minor,  the  decomposition  products  being  CO,  and  acetic  acid.  When 
heated  with  dilute  sulphuric  acid  to  150°  it  splits  up  into  CO,  and  aldehyde,  CH, .  - 
COU.  This  ready  separation  of  aldehyde  accounts  for  the  ease  with  which  pyro- 
racemic acid  enters  into  various  condensations,  e.g.^  the  formation  of  crotonic  acid 
by  the  action  of  acetic  anhydride  (p.  278),  and  the  condensations  with  dimethyl 
aniline  and  phenols  in  the  presence  of  ZnCI,.  The  acid  condenses  with  the  benzene 
hydrocarbons,  in  the  presence  of  sulphuric  acid,  without  decomposition  (6. 14,  X595 ; 
16,  2071 ;  B.  18,  987,  and  19,  1089). 

Pyruvic  acid  is  monobasic.  Its  salts  crystallize  with  difficulty.  Its  zinc  salt, 
(C,H,0,),Zn  -f--  3H,0,  is  a  crystalline  powder,  soluble  with  difficulty  in  water.  All 
Uie  salts  are  colored  red  by  ferric  chloride. 

When  the  acid  or  its  salts  are  heated  with  water,  or  if  the  acid  be  set  free  from 
its  salts  by  mineral  acids,  it  passes  into  a  synip-Iike,  non-volatile  mass. 

I^rruvic  acid  forms  crystalline  compounds  with  the  acid  alkaline  sulphites.  It 
resembles  the  ketones  in  this  respect.  Nascent  hydrogen  (Zn  and  HCl,  or  HI) 
changes  it  to  ordinaiy  a-lactic  acid,  CH,.CH(OH)  .  CO,H,  and  dimethyl  racemic 
add.     Mercaptans — /.  ^.,  phenyl-mercaptan,  combine  with  pyroracemic  add  to  form 
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CII,C(OFI)(SCgH.)CO,!I  (B.  a8,  263).  For  the  bcbavior  of  pyroracemic  acid  whh 
NIJ,,  NH,OH,  CqHqNH.  NH,,  consult  <<  Nitrogen  derivatives  of  the  a-ketonk 
acids."  It  combines  with  CNH  to  form  the  nitrile  of  a-oxyisosuccimc  acid.  The 
change  of  pyroracemic  acid  on  boiling  with  baryta  water  into  uviiic  add^  V^' 
[i-  3.  5](CH,)(CO,II)„  and  uvic  acid  or  pyrotritartaric  acid,  is  most  interesting. 
The  uvitic  acid  formation  is  due  to  a  condensation  of  pyroracemic  add  with  acet- 
aldehyde.  This  is  a  reaction  capable  of  wider  generalization.  For  the  oondensatioa 
of  the  acid  with  formaldehyde  consult  tetramethylene  dioxalic  acid. 

Halogen  Substitution  Products  of  Pyroracemic  Acid. — TVithiorpyrmractmk 
Acid,  Isotrichlor-glyceric  Acid,  CCl,  .  CO  .  CO,H  -f  H,0  =  CO, .  C(OH),C00H, 
melting  at  102°,  is  produced  (i)  when  KQO|  and  HCl  act  upon  gallic  add  and 
salicylic  acid ;  (2)  by  the  action  of  chlorine  water  upon  chlorfumaric  add  (B.  96, 
656)  \  (3)  f^°i  trichlor- acetyl  cyanide. 

Substitution  products  result  by  heating  the  acid  with  bromine  and  water  to  loo^ ; 
dibrom-pyruvic  acid,  CBr.H  .  C(OH),CO,H  -f  H,0,  melts  at  89®,  anhydrous. 
Tribrom  pyruvic  acid,  CBr, .  C(C)H),  .  CO.H  -f  H,0.  fuses  at  90°  ,  anhydrous. 
When  heated  with  water  or  ammonia,  it  breaKsupintobromoform,  CHBr,,  and  oxalic 
acid. 

Homologues  of  Pyroracemic  Acid. 

Propionyl-carboxylic  Acid,  CjHj ,  CO .  CO,H,  boils  at  74-78®  (25  mm.). 

Butyryl-carboxylic  Acid,  CjH, .  CO  .  CO^H,  boils  at  185®  (82-84  mm.). 

Trimethyl-pyroracemic  Acid,  (CH,),  .  C  .  CO .  CO-H,  results  from  the  oxida- 
tion of  pinacoline  with  potassium  permanganate.  It  melts  at  90^  and  boils  at  185^ 
(B.  23,  R.  21). 

Nitrogen  Derivatives  of  the  a-Ketonic  Acids. 

(i).  a-Ketone  amides  are  produced  by  the  action  of  cold  concentrated  hydro- 
chloric acid  upon  the  n-kelone  nitriles.  Pyroracemamide,  CHj .  CO .  CO .  NH,,  melts 
at   124°.     Propiotiyl  Formamide,  C^HjCO.CO.  NH„  melts  at  116®  (B.  13,2121). 

(2)  a-Ketone  Nitriles  result  on  heating  acid  chlorides  or  bromides  with  silver 
cyanide : 

CjHjOCl  -f-  AgCN  ==  C,H,0 .  CN  -f  AgCl ; 

and  when  the  aldoximes  of  the  a- aldehyde  ketones  are  treated  with  dehydrating 
agents,  such  as  acetic  anhydride  (p.  326;  B.  ao,  2196)  : 

CH, .  CO  .  CH  :  NOH  =  CH, .  CO .  CN  +  H,0. 

The  acid  cyanides  are  not  very  stable,  and,  unlike  the  alkyl  cyanides,  are  con- 
verted by  water  or  alkalies  into  their  corresponding  acids  and  hydrogen  cyanide, 
CH3 .  CO .  CN  -I-  H,0  =  CHj .  CO  .  OH  -f-  CNH.  With  concentrated  hydrochloric 
acid,  on  the  contrary,  they  sustain  a  transposition  similar  to  that  of  the  alkyl  cyanides 
(p.  266),  I.  e.,  carboxyl  derivatives  of  the  acid  radicals — the  so-called  a-ketonic  acids 
(see  these) — are  produced.  Water  is  absorbed,  and  the  amides  of  the  a-ketonic 
acids  are  intermediate  products  (Claisen) : 

CH, .  CO .  CN  lil2-j^H, .  CO .  CONII,  "^-^CHjCOCOOH  +  NH.Q. 

Acetyl  Cyanide,  CH. .  CO .  CN,  boils  at  93°.  WTien  preserved  for  some  time, 
or  by  the  action  of  KOH  or  sodium,  it  is  transformed  into  a  polymeric,  crystalline 

CH, 

compound,  (CjH,OCN),»  diacetyl  cyanide,  probably  CH, .  CO .  C  —  C .  CN  (B.  26, 

N  — 6 

R.  780).    This  melts  at  69®  and  boils  at  208®. 

Diacetyl  cyanide  is  also  produced  by  the  action  of  potassium  cyanide  upon  acetic 
anhydride  (B.  18,  256).     See  Isomalic  Acid. 
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Propionyl  Cyanide,  CH, .  CH, .  CO .  CN,  boils  at  io8-xio^  Dipropionyl 
Cyanide,  (C,H^O .  CN)„  melts  at  59°,  aod  boils  at  200-210^  (B.  18,  R.  140). 
Butyryl  Cyanide,  C,H^ .  CO .  CN,  boils  at  133-137® ;  isobut3rTyl  cyanide,  CjH^  .- 
CO.CN,  at  118-120°.  These  polymerize  readily  to  dicyanides,  which  pass  ioto 
alkyltartronic  acids  on  treatment  with  hydrochloric  acid. 

(3)  Ethylimidopymvyl  chloride^  CHgCO .  CCl :  N .  C^H^,  is  a  yellowish  oil  pro- 
dnoed  by  the  onion  of  chloracetyl  with  ethylisocyanide  (A.  280,  298). 

[4^  Chhrisonilrosoacetone,  CH,COC(NOH)Cl,  melting  at  105°,  is  formed : 

I)  By  the  action  of  nitric  acid  upon  chloracetone ; 

<  2)  By  the  action  of  chlorine  upon  isonitrosoacetone ; 

[3)  When  hydrochloric  acid  acts  upon  acetyl- methyl  nitrolic  acid,  CH, .  CO .  C- 
(=  NOH)ONO  or  CH, ,  CO  .  C(=  NOH)NO,— the  product  resulting  from  the  action 
of  nitric  acid  upon  acetone  (A.  277,  318).  The  oxime^  CH, .  C :  NOH  .  C(:  NOH)- 
O .  NO,  of  this  acid  melts  at  97®  with  decomposition. 

(5)  Jmidopyroracemic  Acid^  CH,C(NH)CO,H,  is  formed  when  ammonia  acts  upon 
pyroracemic  acid,  and  when  it  decomposes  a  picoline  dicarboxylic  acid  results — uvi- 
tonic  acid:  by  the  action  of  aniline  the  products  are  Anilpyrtnnc  Acid^  CH, .  C(:  N  .- 
C^Hj)CO,H,  which  fuses  at  126°  with  decomposition  (B.  27,  R.  508)  and  a  quino- 
line  carboxylic  acid,  anilttvitonic  acid. 

(6)  a-Oximido-fatty  ^rfV/r,  or  ozimes  of  the  a-ketonic  acids,  result  (i)  by  the  action 
of  hydroxylamine  upon  a-ketonic  acids,  and  (2)  when  nitrous  acid  acts  upon  mono- 
alkyl  acetoacetic  esters  (B.  15,  1527).  In  the  latter  case  the  acetyl-group  is  displaced 
(B.  II,  693).  Acetic  anhydride  changes  these  acids  to  acid  nitriles ;  carbon  dioxide 
being  eliminated. 

a-Oximido-propionic  Acid,  Isonitroso-propionic  Acid,  CH, .  C  =  N(OH) .  CO,H, 

decomposes  at  177®.     a-Oximidopropionic  Ethyl  Estcr^  CH,C  =  N(OH)CO,C,H5, 

melts  at  94°  and  boils  at  238°  (B.  27,  R.  470).     a-Oximido-propionamidCy  CH,  .  • 

C:  N(OH)CONH,.  melts  at  174°  (B.  28,  R.  766).     aOximido-propion-acetic  Acid, 

CH,C :  N(0 .  CH,CO,H)CO,H,  melts  at  X3I*>  (B.  29.  R.  169).     aOximido-butyric 

Acid,  CHj.CHjC  =  (NOH)CO,H,  and  other  a-oximido-acids  are  known.     a-Ox- 

imtdo'dibrom-pyroracemie  Acid  has  been  obtained  in  two  modifications  (B.  25,  904). 

NH 
{fi  Hydraapropianic  Ethyl  Ester,  {^C^C^^QOjZ^^,  melting  at  I15-1170 

(J.  pr.  Ch.  [2]  44,  554),  results  from  pyroracemic  acid  and  hydrazine.    Mercuric 
oxide  converts  its  methyl  ester  into  a-diazopropionic  methyl  ester. 

(8)  a-Diasopropionic  Ester,  \\  ^C(CH,)CO,C,H«,  is  a  yellow  oil,  obtained  from 

N^ 
the  hydrochloride  of  alanine  ethyl  ester. 

(9)  Phtnylhydraume-pyroracemic  Acid,  CH,C(N  =  NHC,H5)C0,H,  melts  with 
decomposition  about  192°,  and  is  not  only  formed  by  the  action  of  phenylhydrazine 
upon  pyroracemic  acid  (B.  21,  984),  but  also  in  the  saponification  of  the  reaction - 
product  from  diazobenzene  chloride  and  methyl  acetoacetic  ester  (B.  20,  2942,3398; 
21,  15  ;  A.  278,  285). 

(10)  a-Amidothiolactic  Acid,  CH,C(SH)(NH,) .  CO,H  (see  p.  347). 

/9.Ketonic  Acids. 

In  the  /9-ketonic  acids  the  ketone  oxygen  atom  is  attached  to  the 
second  carbon  atom,  counting  from  the  carboxyl  group  forward. 
These  compounds  are  very  unstable  when  free  and  when  in  the  form 
of  salts.  Heat  decomposes  them  into  carbon  dioxide  and  ketones. 
Their  esters,  on  the  other  hand,  are  very  stable,  can  be  distilled  with- 
out decomposition,  and  serve  for  various  and  innumerable  syntheses. 

The  P'9  y-f  and  ^-ketonic  acids  can  also  be  considered  as  ketones  in 
which  an  hydrogen  atom  has  been  replaced  by  carboxyl.     In  the 
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/9-acids,  which  lose  CO,  readily,  the  carbonyl  (CO)  grpup  and  the  CO,H 
group  are  attached  to  the  same  carbon  atom  (compare  malonic  acid). 
Acetoacetic  Acid,  Acetone-monocarboxylic  Acid,  CH,.CO.- 
CH, .  CO,H,  /9-Ketobutyric  Acid  [Butanon  Acid].  To  obtain  the 
acid,  the  esters  are  saponified  in  the  cold  by  dilute  potash,  or  the  barium 
salt  is  decomposed  with  sulphuric  acid,  and  the  solution  shaken  with 
ether  (B.  15,  1781;  16,  830).  Concentrated  over  sulphuric  acid, 
acetoacetic  acid  is  a  thick  liquid,  strongly  acid,  and  miscible  with 
water.     When  heated,  it  yields  carbon  dioxide  and  acetone : 

CH,.  CO  .  CH,.  CO,H  =  CHj .  CO.  CHj  +  CO^ 

Nitrous  acid  converts  it  at  once  into  CO,  and  isonitroso-acetone  (p.  326).  Its 
salts  are  not  very  stable.  It  is  difficult  to  obtain  them  pure,  and  they  sustain  cnanges 
similar  to  those  of  the  acid.  Ferric  chloride  imparts  to  them,  and  also  to  the  esters, 
a  violet-red  coloration.  Occasionally  the  sodium  or  calcium  salt  is  found  in  urine 
(B.  16,  2314). 

The  stable  acetoacetic  esters,  CH, .  CO .  CH, .  CO,R,  are  produced 
by  the  action  of  metallic  sodium  upon  acetic  esters.  In  this  reaction 
the  sodium  compounds  constitute  the  first  product.  The  free  esters 
result  upon  treating  their  sodium  compounds  with  acids,  e.  g.,  acetic 
acid.  They  are  obtained  pure  by  distillation.  The  acetoacetic 
esters  are  liquids,  dissolving  with  difficulty  in  water.  They  possess  an 
ethereal  odor.     They  can  be  distilled  without  decomposition. 

The  esters  of  acetoacetic  acid,  contrary  to  expectation,  possess  an 
acid-like  character.  They  dissolve  in  alkalies,  forming  salt-like  com- 
pounds in  which  an  hydrogen  atom  is  replaced  by  metals. 

Constitution. — Many  reactions  of  acetoacetic  ester  are  more  simply  explained  bj 
granting  that  it  or  its  sodium  compound  has  the  constitution  of  /3  oxycrotonic  ester, 
CH,.C(OH):CH.C02C,H.  and  CH,C(ONa)  =  CHCO,C,Hj.  However,  in 
studying  the  oxymethylene  bodies  we  learned  to  know  derivatives  possessing  the 
atomic  arrangement — C(OH) :  CH — as  represented  in  the  j3-oxycrotonic  ester  formula 
and  were  then  convinced  that  their  deportment  was  much  different  from  that  shown 
by  acetoacetic  ester. 

The  physical  properties  of  the  ester,  its  refraction  (p.  65),  its  molecular  rotation 
and  its  behavior  toward  the  electric  waves  (p.  69)  have  also  been  determined,  and  it 
has  been  found  that  they  harmonize  with  the  ketone  formula,  CH, .  CO .  CH, .  CO,- 
CjHj,  alone  (compare,  however,  B.  29,  1723).  The  conduct  of  acetoacetic  ester  to- 
ward orthoformic  ether  is  strong  proof  of  its  ketone  nature.  It  reacts  like  the  ketones 
with  it,  forming  /^diethoxybutyric  ester  and  formic  ester  (Claisen,  B.  ag,  1006) : 

COX„H, .  CH,  CO.C.HXH, 

^  ^    ^    I     '4-  HC(OC,H,),  =       '        '  I 

CHjCO    ^        V      1    5^8  CH,C(OC,Hj),  +  H .  COOC,H,. 

However,  the  question  whether  the  sodium  salt  does  not  probably  have  the  formula 
CH, .  C(ONa) :  CH  .  CO^C^Hj  instead  of  CH, .  CO .  CHNa .  CO, .  C,Hj,  is  at  present 
still  unanswered  (A.  277,  162). 

Historical. — In  1 863  Geuther  investigated  the  action  of  sodium  upon  acetic  ester. 
Simultaneously  and  quite  independently  of  Geuther,  Frankland  and  Duppa,  in  con- 
cluding their  studies  upon  the  action  of  zinc  and  alkyl  iodides  upon  oxalic  ether 
(p.  331),  investigated  the  action  of  sodium  and  alkyl  iodides  upon  acetic  ester. 
J.  Wislicenus  has  contributed  very  materially  to  the  explanation  of  the  reactions  here 
involved  (1877),  A.  186,  161. 
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As  the  ^-ketonic  acids  are  so  very  unstable,  their  more  stable  esters 
are  employed  in  their  study.  These  can  be  made  according  to  the 
following  reactions : 

Formation  of  Acetoacetic  Ester  and  its  Homologues. 

(i)  By  tht  action  of  sodium  or  sodium  alcoholate  upon  acetic  ester. 
These  reagents  act  similarly  upon  propionic  ester,  with  the  formation 
of  a-propionyl  propionic  ester,  CH,.  CH,.  CO .  CH(CH,).CO,.  QHj. 

However,  when  sodium  acts  upon  normal  butyric  ester,  isobutyric  ester  and 
isovaleric  ester,  it  is  not  the  analogous  bodies  which  result,  but  oxyalkyl  derivatives 
of  higher  fatty  acids  (B.  aa,  R.  22). 

The  formation  of  acetoacetic  ester  from  acetic  ester  is  due  to  the 
elimination  of  alcohol  from  two  molecules  of  acetic  ester  by  the  action 
of  sodium  ethylate.  Claisen  considers  that  the  addition  of  sodium 
ethylate  to  a  molecule  of  acetic  ester  precedes  the  splitting-off  of 
alcohol.     A  derivative  of  ortho-acetic  acid  is  formed  at  first  (p.  224)  : 

CH, .  C^  +  C,H.ONa  =  CH,Ct-OC,H., 

^  ^ONa 

which  rearranges  itself  with  a  second  molecule  of  acetic  ester  to 
sodium  acetoacetic  ester  and  alcohol : 

CH, .  CA)C.H5  +  CH, .  COOCjHj  =  CH,C(ONa) :  CHCO.CjHj  +  2C,H50H. 
^ONa 

This  view  is  based  on  the  following  facts :  (i)  The  condensation  of  the  two  mole- 
cules of  acetic  ester  can  be  effected,  if  less  completely,  by  sodium  ethylate  (instead  of 
sodium).  (2)  It  has  been  shown  in  regard  to  certain  acid  esters,  e.g.,  benzoic  ethyl 
ester,  that  they  really  combine  with  sodium  ethylate  to  yield  ortho-derivatives  of  the 
kind  mentioned.  (3)  In  other  condensations,  manifestly  analogous  to  the  ester  for- 
mation, e.g-.f  the  action  of  formic  ester  upon  acid  esters  or  ketones,  the  reaction  pro- 
ceeds very  certainly  to  a  marked  degree  m  the  direction  indicated,  with  the  formation 
of  sodium  oxyl -compounds,  e.g.,  CO,  .  C,H. .  CH  :  CHONa.  (4)  In  the  action  of 
sodium  upon  isobutyric  ester,  in  which  the  scheme  of  Claisen  is  no  longer  possible,  a 
very  different  transposition  actually  takes  place. 

(2)  The  transposition  of  the  sodium  derivatives  of  the  acetoacetic 
esters  and  mono-alkylic  acetic  esters  with  alkylogens,  especially  alkyl 
iodides  and  bromides. 

(a)  In  acetoacetic  ester  only  one  hydrogen  atom  of  the  group  CH, 
is  replaceable  by  sodium.  (^)  By  double  decomposition  through  the 
agency  of  alkyl  bromide  or  iodide,  om  alkyl  group  can  be  introduced 
for  this  sodium  atom,  (c)  In  these  mono-alkylic  acetoacetic  esters 
the  second  hydrogen  atom  of  the  methylene  group  of  acetoacetic 
ester  can  be  replaced  by  sodium.  The  products  are  the  sodium  com- 
pounds of  the  mono-alkylic  acetoacetic  esters.  (</)  If  alkyl  iodides 
or  bromides  be  again  permitted  to  act  upon  these  last  derivatives,  a 
second  alkyl  group  may  be  introduced,  yielding  dialkylic  acetoacetic 
'  esters,  containing  like  or  unlike  alcohol  radicals.    The  following 
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equations  represent  the  reactioos  just  discossed.    By  means  of  tbeni 
very  many  ^-ketonic  acid  esters  have  been  prepared : 


'•''"■T4:io"-+-^"-™-'^°-'^':;::S''- 


+  HorC,H,.OH 


<"'°'-s,':''S'"+-". 


(CO,C,HJC<„  ^  N,  „  C,H,ON.  =  (*=^^"t)C<K, '    +  h  or  C,H.OH 


(CO.C,H,)CH.CH,      ^^ 
CH,.CO 

CH, 


CH,.io 
(CO,C,H.iC<S 
^   '        CH,.CO 


.to' 

^(CO,C^.)C<g||  ^„ 
CH,.CO 


( i)  A  nniTFrwl  melbad,  ■luweriiig  for  (he  (ynilieni  of  the  eslen  of  the  higher 
,^  ketonlc  aoita,  consists  in  allowing  ferric  chloride  (o  act  upon  the  chlorides  of  the 
fall;  acidi.     1'lie  rim  prodncu  in  tbii  imUDce  are  lietoDJc  chlorides : 

aC^H, .  CO .  a  =  C,H( .  CO .  CH<^^  +  HO. 

Their  chlorides,  on  trealmCDt  with  water,  split  off  CO,  and  become  kelntes  (p.  109). 
If  alrobdli  Iw  cnipioyfd,  the  products  t.n  ifleHic  alen  (Hamonet,  B.  la,  R.  766). 

This  nipthoil  also  prnnili  of  the  preparation  of  ^-ketonic  esters  froni  the  higher 
fatly  acid  ihloriiles,  t,  g. ,  butyryl  chloride,  tenanlhylic  chloride  ; 


C,ll,.CO.CII<^^'j,  +  C,H,0 


=  C,H,.CO.CH<-^VH.^ 

a-E^oplonyl-propionic  Eilei. 


Prtfaratim  ef  AtMeaetlic  Esltr  and  the  Alkyl  Attteatttii  Eiten — Siitj  parti 
of  metallic  sodium  are  gradually  dissolved  in  3000 
parts  of  pure  ethyl  acetic  ester.  The  excess  of  the 
latter  is  distilled  olf.  Un  cooling,  ihe  mass  solidi- 
fies (D  a  mixture  of  sodium  acetoacetic  ester  and 
sodium  ethyUte.  The  mass  remaining  liqaid  is 
mixed  with  acetic  acid  (50  per  cent.)  in  slight  ex- 
cess. The  oil  separated  and  floating  on  the  sur- 
face of  the  water  is  siphoned  off,  dcbydiated  with 
calcium  chloride,  and  frsctionBted  (A.  1S6,  114, 
and  113,  137).  For  the  pieparation  of  the  dry 
todium  compound,  see  A.  aoi,  143. 

For  the  preparation  of  the  alkyl  acctoacetic 
esters  according  to  the  second  method,  it  is  not 
necessary  to  |xepare  pure  sodium  componnds.  'i'o 
the  Bcetoacetic  ester  dissolved  in  10  times  its 
volume  of  absolute  alcohol,  add  an  equivalent 
amount  of  sodium  and  then  the  albyl  iodide,  after 
which  heat  is  applied.  To  introduce  a  second 
alkyl,  employ  again  an  equivalent  quantity  of  the 
sodium  alcobolate  and  the  alkyl  iodide  (A.  186, 
320;  19a,  153).  In  some  cases  sodinm  hydroxide 
may  be  substituted  for  sodium  elhylale  in  these 
syntheses  (A.  150,  ia3). 

(V,  sodium  is  allowed  to  act  upon  the  sodium 

ester   dissolved   in    some    indifferent 

nylenc.       To  get    the  sodium    in  a  finely 

perfectly  untarau>hed  sorfiice,  it  is  forced 
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by  a  sodium  press  (Fig.  10)  into  the  diluent  or  solvent.  The  greater  or  less  firmness 
with  which  the  halogen  atom  to  be  replaced  is  attached,  determines  the  choice  of  the 
indifTerent  solvent.  In  many  of  these  transpositions  it  has  been  found  necessary  to 
allow  the  sodium  derivative  of  the  respective  )3-ketonic  ester  to  act  for  days  upon  the 
halogen  substitution  product  at  the  boiling  temperature  of  the  solvent  (compare  A. 
asg,  i8x). 

Transpositions  of  the  P-Ketonic  Esters, 

(id)  On  heating  the  mono-  or  dialkylic  acetoacetic  esters  with 
alkalies  in  dilute  aqueous  or  alcoholic  solution,  or  with  barium 
hydroxide,  they  decompose  after  the  manner  of  acetoacetic  esters 
(p.  371),  forming  ketones  (alkylic  acetones)  (ketone  decomposition)-. 

CO<c&H.)H .  CO, .  C.H.  +  'J^OH  =  CO<C|].  ^^^  +  CO.K,  +  C^H. .  OH. 

Methyl  Acetone 

CO<^(S'h.),CO.  .  CH.  +  'J^OH  =  CO<CH.c„^^^  +  CO.K,  +  CH. .  OH. 

Dimethyl  Acetone. 

(lb)  At  the  same  time  another  splitting-off  takes  place,  by  which 
the  alkylic  acetic  acids,  /.  ^.,  the  higher  fatty  acids  are  produced  along 
with  acetic  acid  (acid  decomposition) : 

^^<ch"(ch,)  .  CO, .  c,H,  +  ^^^"  =  — 'chIIco^k  +  ^^»  •  ^" 

Both  of  these  reactions,  in  which  decomposition  occurs  (the  splitling-ofT  of  ketone 
and  of  acid),  usually  take  place  simultaneously.  In  using  dilute  potash  or  caustic 
baryta,  the  ketone-decomposition  predominates,  whereas,  with  vety  concentrated 
alcoholic  potash,  the  same  may  be  asserted  in  regard  to  the  acid -decomposition 
(J.  Wislicenus,  A.  190,  276).  The  splitting-off  of  ketone,  with  elimination  of  CO,, 
occurs  almost  exclusively  on  boiling  with  siUphuric  or  hydrochloric  acid  (i  part  acid 
and  2  parts  water). 

This  breaking-down  of  the  mono-  and  di-alkyl  acetoacetic  esters  is  the  basis  of  the 
application  of  these  bodies  in  the  production  of  mono-  and  dialkylic  acetones  (p.  210), 
as  well  as  mono-  and  dialkylic  acetic  acids. 

(2)  The  acetoacetic  esters  are  changed  by  nascent  hydrogen  (sodium 
amalgam)  into  the  corresponding  /9-oxy-acids  (p.  330) : 

CHyCO.CH,.CO,.C,Hj  -f  H,+  H,0  =  CH,.CH(OH).CH,.CO,H  +  C,Hg.OH. 
They  are  saponified  at  the  same  time. 

(3)  Chlorine  and  bromine  produce  halogen  substitution  products  of  the  acetoacetic 
esters. 

(4)  PCI5  replaces  the  oxygen  of  the  /3-CO  group  by  2  atoms  of  chlorine.  The  chlo- 
ride^  CH| .  CCI, .  CH,  .  CO .  CI,  readily  splits  off  hydrochloric  acid  and  yields  two 
chlor-CTotonic  acids  (p.  282). 

(5)  Orthoformic  ester  replaces  the  oxygen  of  the  /3-CO  group  by  two  ethoxy- 
groups.  The  product  is  /?-diethylbutyric  ester  which  readily  splits  off  alcohol  and 
yields  /J-ethoxycrolontc  ester  (see  10,  p.  376). 


iKf7x.-T3e  and  pbenTlhjdniiae,  acting  npoo  acelaacetic 
■-JOi-ii;-.    J  hTdr»nijfr.  and    ^  pbcojlhrdmidocrotODic 
iLj  cundeme.    Ttttj  jfield  semicarbMooe  (A.  183, 

1%  cmiime  with  hTdiaijUmiDe  to  torn  esten  of  the 
c  anr  •c^.     Wbcn  ihete  m  (m  free  from  their  satu  they 

:69-i;o»(B.  «S.273')- 


a  IB.  d,  ai97) : 

•    .:!.>«-  ;XOU.C,H.OX.=  ^^AJ^>C<JJ;'V*''  +  C,H.. OH. 

;.   "•.■n>u»  Bsl  cbiDtEci  ibcn  to  the  isoiu<niH>-deri>ati*e*,  CH, .  CO.  C(N.- 

.  ^,  wiiizi   rru.T  break   op    inlo  LoniinHo  (fetooe,  CO,  ukI    ilcohoU 

^i    1-.-         Nttrws  •od.  •cting  opoo  Dkoooilk^Jic  acrtoacelH:  csten,  displaces 

ri.    *■.•.    4".iiF   a»l    lt»ds  lo  ibe   fomuuioa  of  a  isooitio&o- fatty  acids  (p.  371), 

•_!..«>    lie    ."»  ak.-coj:>>:ic  acetoacdic  Cttns,  nnder  like  tiealmeot,  split  off  CO, 

;v.   lixomrfniBC  coDTrruacewacetic  ester  inlo  J-methoxy-ciscrotoDic  ester  (p. 
.■.,      .!    lA.  K^  . 

;  <     Jiriiieae  duiosalts  act  like  nitrooi  acid  npoo  accloacetic  ester  (B.  li,  549; 
1.  1*7.  Jl-  . 

1.'  An  :mp>'<niot  nadiao  is  tbenaioa  of  acetoaceiic  ester  with  urea,  wbeo  water 
NH— CO  — NH 

.  ;..a..aJici]  and   Hetbrlimcil,    ^^     ^ CH  —  CO  '  ''  ^"^"^      "^^^  " 

H  >;.>:i:.>^  -  a'  sa'.-HTict  for  the  Synthesis  of  uric  acid  (see  this). 

i ,,;  .\Iii.t..ac?  cv«)vcrt  aceioaceiic  ester  inlo  pTiinudine  c<Knpoiuids. 


,   su- jviitiliacclic  acid,  the  d-lactoue  of  ai 

'•Hxiic  aL-kl  Boitei  with  acetoacctic  ester,  forming  the  nitiile  of  o-methjl  malic 


:tc>-s>'Dthet{c  reactions  of  sodium  acetoacctic  ester  aod 

jcctic  ester  are  far  more  numerous. 

,  been  repeatedly  mentioned  that  the  sodium  acetoacetic 
i.>;  i«  applied  in  the  building-up  of  the  mono-  and  dialkylic 
,.,.  <-«ers,  and  also,  therefore,  in  the  preparation  of  mono- 

iL-tflones,  as  well  as  mono-  and  dialkylic  acetic  acids. 

iMv  ;-aT«its  tadimn  acetoacetic  ester  into  diaceto-sucdnic  ester, 

CH,.CO.CH.CO,C,H, 

CH,.CO.iH.CO,C,Hj' 
.  ^  ,i:iu  jirodaced  id  the  electroljsb  of  lodiiiiD  acetoacetic  ester  (8.  18, 
uid  »odl-  -*ic£*terunitetoox7aTilicacid,C,H,(CHJ- 


»T- 
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Furthermore,  monochloracetone,  chlorcyanogen,  acid  haloids,  and 
monohalogen  substitution  products  of  mono-  and  dicarboxylic  esters 
react  with  sodium  acetoacetic  ester.  Copper  acetoacetic  ester  is 
most  advantageously  used  with  phosgene  (B.  19,  19). 

When  acid  chlorides  act  upon  acetoacetic  ester  ^this  action  has  been  most  carefully 
studied  with  benzoyl  chloride,  Claiseu,  A.  agi,  05,  no),  the  first  acyl^  as  a  rule, 
attaches  itself  to  the  carbon,  forming  a  C-monacyl  derivative^  while  the  second  goes 
to  the  oxygen.  The  O-monacyl  derivatives  (Uie  /3-oxyciotonic  acid  compounds), 
isomeric  with  the  C-monacyl  derivatives  can  also  be  obtained  from  the  acetoacetic 
esters  with  acid  chlorides  and  pyridine  (private  communication  from  L.  Claisen): 

COjCjHjCH .  COR  COjCjHjC .  COR  COjC^Hj .  CH 

CH.CO  CHg.C.O.COR     '  CH,C.O.COR 

C-Acyl  Derivative  0,C-Diacyl  Derivative  O-Acyl  Derivative. 

CO,C,H..C(CO.R), 
CDiaeyi Derivatives^  1  ,  are  not  produced  in  the  acylation  of 

Cxig .  CO 

acetoacetic  ester.     Chlorcarbonic  ester,  ordinarily  acting  like  the  many  related  acid 

chlorides,  forms  an  exception  to  the  rule  given  in  the  preceding  lines,  for  when  it 

acts  upon  sodium  acetoacetic  ester  it  yields  O-acyl  derivatives  almost  exclusively. 

For  these  reasons  and  for  many  others  analogous  to  them,  it  is  uncertain  whether  the 

C-sodium  formula,  CH, .  CO .  CHNa .  CO^C^H^,  or  the  O-sodium  formula,  CH, .  C< 

(ONa) :  CH .  CO,C,H(,  should  be  ascribed  to  sodium  acetoacetic  ester  (compare 

P-  346). 

(7)  Aldehydes,  e.  g,^  acetaldehyde,  and  acetoacetic  ester  unite  to  ethidene-mono- 
and  ethidene  bisacetoacetic  esters.  The  latter  ^-diketones  especially  are  important, 
because  by  an  intramolecular  exit  of  water  from  CO  and  CH,  they  condense  to  keto- 
hydrobenzene  derivatives  (A.  a88,  323),  and  with  ammonia '  yield  hydropyridine 
bodies. 

(8)  Acetoacetic  ester  condenses  similarly  with  ortboformic  ester  to  the  ethoxy* 
methylene  derivative  (C^H,0,)  :  CHOC^^,  on  the  one  hand,  and  on  the  other  to  the 
methylene  derivative  (C,H,0,)  :  CH .  (C,H,0,)  (B.  a6,  2729). 

(9)  Resorcinol  and  acetoacetic  ester  condense  to  /3-methylumbeIliferone  (B.  ag, 

'794). 

Ethyl  Acetoacetic  Ester,  CH, .  CO  .  CH, .  CO, .  CjHj  =  C,- 
HmiO„  Acetoacetic  Ester,  boiling  at  181**  (760  mm.)  and  72**  (12  mm.), 
is  a  pleasantly  smelling  liquid,  of  sp.  gr.  1.0256  at  20^.  It  distils  over 
with  steam.  The  ester  is  only  slightly  soluble  in  water.  Ferric  chlo- 
ride colors  it  violet. 

Boiling  alkalies  or  acids  convert  the  ester  into  acetone,  carbon 
dioxide  and  alcohol.  In  addition  to  its  formation  by  the  action  of 
sodium  or'sodium  ethylate  upon  ethyl  acetic  ester/ it  results  by  the  par- 
tial decomposition  of  acetone  dicarbonic  ester  (see  this),  COsCsHgCH,- 
COCH,CO,C,H5. 

The  sodium  salt,  CH,COCHNaCO,C,H.  or  CH,(CONa)  :  CHC0,C,H6,  crystal- 
lises in  long  needles.  The  copper  salt^  (C.H,0,),Cu,  is  produced  when  a  copper  ace- 
tate solution  is  mixed  with  an  alcoholic  solution  of  acetoacetic  ester  and  a  sufficient 
quantity  of  ammonia  is  added. 

The  following  are  some  of  the  numerous  )3-ketonic  esters :  Methyl  ^g 

3a 
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Ester,  boiling  at  id^^  (760  mm.).  Methyl  Acetoaeetic  Methyl  Ester^  CH,COCH- 
(CH,)CO,CH,,  boils  at  1 77® ;  the  ethyl  ester  at  187° ;  Ethyl  AcetoaceHc  Methyl  Ester, 
CHj .  CO  .  CH(C,H5)CO,CH„  boiling  at  190** ;  ethyl  ester  at  I98*>.  Dimethyl 
Acetoaeetic  Ester,  CH,COC(CH,),CO/:,H5,  boils  at  184®.  Diethyl  Acetoaeetic  Ester 
boils  at  218®.  H' Propyl  Acetoaeetic  Ester  boils  at  208®.  Methyl  Ethyl  Acetoaeetic 
Ester  boils  at  198®.  Propionyl  Propionic  Ester,  Methyl  Propionyl  Acetic  Ester, 
CH.CH,COCH(CH,).  CO,C,Hj.  boils  at  I96«. 

P-Diethoxybutyric  Acid,  CH, .  C(0 .  C,H5),CH.C0,H,  is  a  syrapy  liquid,  which 
decomposes  on  the  application  of  heat  into  CO]  and  acetone  ortho-ethyl  ether 
(p.  219).  Its  sodium  salt  is  obtained  by  means  of  alcoholic  sodiom  hydroxide  fr>m 
^-diethoxy-butyric  ester,  CH,.  C(0.  CjHjjjCHjCCXCjHj,  the  product  of  the  trans- 
position of  acetoaeetic  ester  and  ortho-formic  ester  (B.  ag,  X006).  /3-Diethoxybatyric 
ester  decomposes  upon  distillation  into  alcohol  and  ^-ethoxycrotonic  ester  (p.  363). 
P'Dithioethyl-bf4tyric  Ester,  CH,C(SC,Hj),CH,CO,C,H5,  see  B.  19,  2810;  ag,  1648. 

Derivatives  of  the  /3-Ketonic  Acids,  containing  Nitrogen. 

1.  Amides.  Ammonia  converts  acetoaeetic  esters  into  ^-Amidocrotonic  Esters, 
while  the  monometbyl-  and  monoethyl-acetoacetic  ester,  with  the  same  reagent,  yi^ld 
the  amides : 

Methyl  Acetoacetamide,  CH,.  CO.  CH(CH,)CO.  NH„  melting  at  73®;  Ethyl 
Acetoacetamide,  melting  at  96°  (A.  257,  243). 

2.  Cyanacetone,  Acetoaeetic  Nitrile,  CH, .  CO  .  CH, .  CN,  boiling  at  1 20  to  125®, 
results  from  the  interaction  of  chloracetone  and  potassium  cyanide  (B.  25,  2679) ;  from 
imidoacetonitrile  and  hydrochloric  acid,  and  from  a-methyl  isoxazole  (p.  327). 

3.  Imidoacetoacetic  Nitrile,  CH, .  C(:  NH)CH,  .  CN,  melting  at  52®,  is  produced 
by  the  polymerization  of  acetonitrile  with  metallic  sodium  (J.  pr.  Ch.  [2]  5a,  81). 

For  the  action  of  aniline,  hydrazine,  phenylhydrazine  and  semi-carbazide,  hydroxyl- 
amine,  nitrous  acid,  nitric  oxide,  diazomethane,  benzene  diazosalts,  urea  and  amidines 
upon  /3-ketonic  esters,  compare  the  reactions  5-12,  pp.  375,  376. 

4.  Dinitrocaproic  Acid^  a-Dimethyl-/3-dinitrobutyric  Acid,  CH, .  C(NO,), .  C- 
(CH,),CO,H,  melts  with  decomposition  at  215**  C.  It  results  from  the  prolonged 
boiling  of  camphor  with  nitric  acid  (B.  a6,  3051). 

Halogen  Substitution  Products  of  the  ^-Ketonic  Esters. 

Chlorine  alone  or  in  the  presence  of  sulphuryl  chloride  acting  upon  acetoaeetic 
ester  replaces  the  hydrogen  atoms  both  of  the  CH,  and  CH,  groups  by  chlorine. 
The  hydrogen  of  the  CH,  group  is  first  substituted,  but  in  the  case  of  bromine  the 
substitution  begins  with  the  CH,  group  (A.  278,  61). 

a-Chlor-acetoacetic  Ester,  CH, .  CO .  CHCl .  CO, .  C,Hj,  with  a  very  pene- 
trating odor,  boils  at  109^  (10  mm.). 

a-Brom-acetoacetic  Ester,  CH,.  CO.  CHBr.  CO,.  CjHj,  boils  at  90<>-ioo® 
(20  mm.).  It  is  formed  when  bromine  acts  upon  copper  acetoaeetic  ester.  HBr 
gradually  (B.  27,  3168)  changes  it  to  y-brom-aeetoacetic  ester,  CH,Br.CO.  CH,  .  - 
CO,C,Hg,  melting  at  125^  (8-10  mm.)  fB.  29,  1042). 

The  constitution  of  these  two  bodies  has  been  established  by  condensing  them  with 
thiourea  to  the  corresponding  thiazole  derivatives. 

oa-Dichlor-acetoacetic  Ester,  CH, .  CO .  CCl, .  CO, .  C,Hg,  is  a  pungent-smelling 
liquid,  boiling  at  205°.  Heated  with  HCl  it  decomposes  into  a-dichloracetone, 
CH, .  CO .  CHCl,,  alcohol  and  CO, ;  with  alkalies  it  jrields  acetic  and  dichloracetic 
acids.  aa-Dibrom- acetoaeetic  Ester  is  a  liquid.  It  yields  a  dioxime,  CH,C(NOH)- 
C(NOH^CO,C,H,,  melting  at  I42*>.  ay-Dibrom-acetoacetic  Ester,  CI^Br.CO.- 
CHPr  ro  rHj,  melts  at  45-49®. 

"^rts  the  mono-alkylic  acetoaeetic  esters  into  monobrom-  and  dibrom- 

Tding  to  Demargay  (B.   13,  1479,  '^7^)  ^^  monobrom-bodies, 

or  with  water,  split  off  ethyl  bromide  and  yield  peculiar  acids ; 

acetoaeetic  ester  gave  Tetrinic  Acid  or  Methyl  Tetromic  Acid, 


•  LiEVULINIC  ACID.  379 

while  bromethyl  acetoacetic  ester  yielded  PerUinU  Acid  or  Ethyltetronic  Acid  (L. 
Wolff,  A.  agi,  226): 

CO.CHjBr  -CgHtBr  COCH,  C(OH)CH, 

CH, .  CH .  CO .  o .  CjHj  CH, .  c:h  .  CO  -^^  ^^  CH, .  in — co-^ 

Tetrinic  Acid  =  Metbyl-tetronicAcid. 

These  acids  will  be  discussed  later  as  lactones  of  oxy-ketonic  acids,  together  with 
the  oxidation  products  of  triacid  alcohols. 

The  dibrom-derivatives  treated  with  alcoholic  potash  yield  oxy-tetrinic  acid,  oxy- 
pentinic  acid,  etc.  Gorbow  (B.  ai,  K.  180)  found  them  to  be  homologues  of  fumaric 
acid.  Oxy-tetrinic  acid  is  mesaconic  acid  (see  this) ;  while  oxypentinic  acid  is  ethyl 
fumaric  acid  (see  this),  etc. 

/'-Ketonic  Acids. 

These  acids  are  distinguished  from  the  acids  of  the  /9- variety  by  the 
fact  that  when  heated  they  do  not  yield  COa,  but  split  off  water  and 
pass  into  unsaturated  /'-lactones.  They  form  /'-oxyacids  on  reduction, 
which  readily  pass  into  saturated  /'-lactones.  An  interesting  fact  in  this 
connection  is  that  they  yield  remarkably  well  crystallized  acetyl  deriva- 
tives when  treated  with  acetic  anhydride.  This  reaction,  as  well  as 
the  production  of  unsaturated  /'-lactones,  on  distillation,  argue  for  the 
view  that  the  /'-ketonic  acids  are  /r-oxylactones : 

CH9.CO.CHt.CHt  CHt.^(OH).CH2.CH,       CHsCOO    O CO  CH,.2:CH.CH, 

y    IB       !         or  I  T    ^         \/         I    >-         I  I 

COOH  6 CO  CH,.C.CH,.CH,  O CO. 

Lflevulintc  Add  Acetyl-laevulinic  opAnjcelica 

Acid  Lactone. 

Laevulinic  Acid,  )?•  Aceto-propionic  Acid,  CaHsO,  =  CH, .  - 

CO .  CH, .  CH, .  CO,H,  or  CH, .  C(OH)  .  CH, .  CH,COO,  melts  at 
32.5°;  boils  at  144®  (12  mm.),  239**  at  the  ordinary  pressure,  when 
slight  decomposition  ensues.  /'-Ketovaleric  Acid,  or  /'-Oxovaleric 
Acid  [4-Pentanon  Acid]  is  isomeric  with  methyl  acetoacetic  acid, 
which  may  be  designated  a-aceto-propionic  acid.  Lsevulinic  acid 
can  be  obtained  from  the  hexoses  (see  these)  on  boiling  them  with 
dilute  hydrochloric  or  sulphuric  acid.  It  is  more  easily  obtained 
from  laevulose — hence  the  name — than  from  dextrose.  It  is  prepared 
on  heating  cane-sugar  or  starch  with  hydrochloric  acid  (B.  ig,  707, 
2572;  20,  1775;  A.  227,  99).  Its  constitution  is  evident  from  its 
indirect  synthesis:  sodium  acetoacetic  ester  and  chloracetic  ester 
yield  aceto-succinic  ester,  which,  on  boiling  with  hydrochloric  acid  or 
baryta  water,  loses  CO,  and  passes  into  laevuliuic  acid  (Conrad,  A. 
z88,  223) : 

CH9.CO.CHNa      ciCH,cosC,H»       CH8.CO.CH.CH,.CO<CHft     HCi     CH|COCHrf:H,CO,H 
CCHCHs  CO,C,Hb  CO, 
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tt  ii  furlhermore  obtained  by  the  acttoo  of  concentnted  H^SO*  apon 

co,H  o CO 

UH.-th\l-gliilolactonicacid,        vy        r     ;  by  the   oxidation    of  its 

CHg-C-CHjCHj 
totufsjKjnding  jS-aceto propyl  alcohol  (p.  318),  and  by  the  oxidation  of 
MH'lhyl  hcplcnone(p.  aii),  of  linalol  and  geraniol,  two  bodies  belong- 
ing lo  the  group  of  olefine  lerpenes. 

Uevulinic  acid  dissolves  very  readily  in  water,  alcohol  and  ether, 
and  sustains  the  following  transformations:  (i)  By  slow  distillation 
under  the  ordinary  pressure  it  breaks  down  into  water  and  a-  and  fi- 
au);ehca  lactones  (p.  361)-  (2)  When  heated  to  150-200"  with  hydri- 
wiic  acid  and  phosphorus,  Isevulinic  acid  is  changed  to  n-valeric  acid. 
1,0  By  '^c  action  of  sodium  amalgam  sodium  ^--oxyvalerale  is  pro- 
duced. The  acid  liberated  from  this  becomes  j-*'aIerolactone.  (4) 
Dihite  nitric  acid  converts  Ifcvulinic  acid  partly  into  acetic  and 
malonic  acid  and  partly  into  succinic  acid  and  carbon  dioxide. 

($)  BrnmiDC  converts  the  add  into  snbstitation  products,  p.  3S1. 

((>)  loflicacid  changes  it  (0  bi-iede-aiitacrylii  mid.  (7)  P,S,  converti  \\SaXo  tkiett- 
ItM.  ('.H,S.C]f,.  For  tbe  behavior  of  Ixvulinic  acid  with  bydroiflamiiK  utd 
plirny]  hydrazine  contult  ihe  paragraph  relating  lo  the  Ditrogen  deiivatiTU  of  tbe 

f/HcltuS'iyHlkclie  Ktaclions  :  (8)   Prussic  acid  and  laeiuiinic  acid  jrjeld  the  niuile 

<rf  Urtonie  acid:  CH,.C(CN)CH,.  CH.COO,  see  tnclhyl  oijgluiaric  acid.  (9) 
llrninldehjrde  and  tsvuliaic  acid  condense  in  add  H}lution  to  ^-bintal-lavflinu  add, 
anil  In  alkaline  solution  to  t-binuil-lavHiinit  acid  (A.  958,  129 ;  B.  a6,  349). 

Lavuiinic  Acid  Derivative! The  ealdum  sail,  (CjH,0,),C«  -f  2H,0.    Tbe 

iHi-tr  W/.  <',II,0,Ag,  is  a  characteristic,  crystalline  precipitate,  dissolting  in  water 
wilh  dilliculty.     The  mttkyl  tsirr,  C,H,(CH^O„  boils  at  191°,  the  ttkyl  ttter  U 

,  CHXOO.         ,O.CO 

At'lyi  LavHltHit  Add,   j'-Acetoxyl-^-valerolactone,  x"^.     Ai.  ■  "^ 

Cm,  .  C  .  CH,  .  CH, 

parllcularly  ncilevrorthy.  It  melts  at  78°,  and  is  fonned  from  iKTuIinic  acid  and 
aiTllr  anliyilridc  ;  from  silver  licvulinate  and  acetyl  chloride ;  from  liTulinic  chloride 
anil  iillvcr  acetate,  as  well  as  from  a-nncelica  lactone  and  acetic  acid.  The  last 
inrlhiHl  lit  fiitmation,  lu  well  as  Ihe  formation  of  n-  and  jS-angelici  lactone  by  aceto- 
U'vullnic  aciil  are  most  easily  understood  upon  the  assumption  that  the  constittuioii 
|>  ivally  u  Indicated  in  Ihe  formala  shown  above  (A.  356,  314). 

lavHlinii  Chloride,  y-Chlorvalerolactone,  CH,.  CCt.  CH,.CH,.  COO,  bculiog 
■I  K»'  (15  mm),  is  produced  by  Ihe  addition  of  HCI  to  n-angelica  lactone,  and  by 
ihv  actli.in  of  acetyl  chloride  u|K>n  Ixiulinic  acid  {A.  ij^t  334)-      LavulinamiJt, 

,  Anil'lovaterolaclone,      CH, .  C(NH,) .  CH, .  CH,COO,  has  been  obtained  from 

^io1>iil<  rhirt,  iu<^  irt'iii  \>  :ui^r1ka  lactone  and  ammonia  (A.  aag,  349). 

tliitnnlogoua  Lievulinic   Acids  are  obtained  from  tbe  faomologne*  of  aceto- 

^f  M'lM  l-f!i4!in>f  Add.  .!  Ateto-butyric  Acid ,  CK, .  CO .  CH<^||«   ^^  ^ 
►  ••— ---'■nelliat-ij^  ''       *    ' 

V    Add.   (J  Ac«to-iw>butyric    Acid,    CH,.CO.  ^|^>CH.- 
V.     a- Ethyl Lmtiiimt  Add,  CH.CO .  CH,CH(C,H,)'.  CO,H, 
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Maiianic  Acid,  a- Dimethyl  lavulinic  acid,  CH, .  CO .  CH,C(CH,),CO,H, 
melting  at  74^  and  boiling  at  138^  (15  mm.),  results  when  the  additioa  product  of 
hydrochloric  acid  and  mesityl  oxide  is  treated  with  potassium  cyanide,  and  the  nitrile 
then  saponified  with  hydrochloric  acid  (A.  247, 99),  as  well  as  by  heating  mesitylenic 
acid  with  hydrochloric  acid  (B.  25,  R.  905).  Nitric  acid  oxidizes  mesitonic  acid  to 
dimethyl  malonic  acid. 

6  Dimethyl  LavuHnic  Acid,  (CH,),CH .  CO .  CH, .  CH, .  CO,H.  melting  at  40®, 
is  produced  when  sodium  malonic  ester,  from  the  transposition  product  of  7-brom- 
dimethyl  acetoacetic  ester,  is  heated  with  dilute  sulphuric  acid  (B.  30,  864). 

Homolavulinic  Acid,  d-methyl  Isevulinic  acid ,  CH, .  CH, .  CO .  CH, .  CH, .  CO,H, 
melting  at  32°,  is  obtained,  together  with  an  oxycaprolactone,  from  /97^-dibromcaproic 
acid  (A.  268,  69J. 

d-Dimethyl  Levulinic  Acid,  (CH,),CH .  CO .  CH, .  CH, .  CO,  H.  melUng  at  41**, 
b  prepared  by  the  action  of  a  soida  solution  upon  isoheptenic  dibromide  (p.  284)  (A. 
288, 183). 

Halogen  7-Ketonic  Acids.— a- Bromlavulinic  Acid,  CH,CO.CH,.CHBr.CO,H, 
melting  at  79°,  is  produced  when  HBr  acts  upon  /3-acetoacryIic  acid.  Boiling  water 
converts  it  into  a-hydroxy-lsevulinic  acid  (see  this). 

/9Broml«vulinic  Acid,  CH,  .  CO .  CHBr .  CH, .  CO,H,  melts  at  S9^,  and  is  pro- 
duced in  the  bromination  of  laevulinic  acid,  as  well  as  by  the  action  of  water  upon 
the  addition  product  of  bromine  and  a-angelica  lactone.  Warming  with  sodium 
hydroxide  converts  the  /9-bromlsevulinic  acid  into  a-hydroxy-laevulinic  acid  and 
^aceto-acrylic  acid.  Aniline  converts  brom-bevulinic  acid  into  Py-2.3-dimethyI-indol 
(B.  21,  3360),  while  ammonia  changes  it  to  tetramethylpynucine. 

a^-Dibromlavuiinic  Acid,  CH,.  CO.  CHBr.  CHBr.  CO,H,  melting  at  1080,  is 
prepared  from  /3-acetacryIic  acid  and  Br,,  pd- Dibrom-ltevulinic  Acid,  CH,Br .  CO.- 
CHBr.  CH,.  CO,H,  melting  at  114-115^, is  produced  in  the  bromination  of  Ixvu- 
linic  acid.  It  yields  diacetyl  (p.  322)  and  glyoxyl  propionic  acid,  HOC .  CO .  CH,  - 
CH, .  CO,H,  when  it  is  boiled  with  water.  Concentrated  nitric  acid  converts  it  into 
dibrom-dinitromethane  and  monobrom-succinic  acid,  while  with  concentrated  sul- 
phuric acid  it  yields  two  isomeric  dibrom-diketo-R-pentenes. 

Nitrogen  Derivatives  of  the  >'-Ketonic  Acids. 


(I)  Lavulinamide,  CH, .  CO .  CH, .  CH, .  CONH,  or  CH,c!(NH,)CH, .  CH, .  - 


COO,  melts  at  107®  (A.  229,  260). 

(2)  Action  of  Hydrazine,  NH. .  NH, :  LavuHnic  Hydratide,  CH, .  CO .  CH,  .  - 
CH,.CO.  NH.  NH„  melts  at  82°.  On  the  application  of  heat  it  passes  into  a 
lactazam  (p.  363) :     y Methyl pyridatolon,  '^-Methyl pyridatdnone,  CH,.  (C  =  N.  - 

NH)CH,  .  CH,  .  CO,  melts  at  94**  (B.  26,  408 ;  J.  pr.  Ch.  [2]  50,  522). 

(3)  Action  of  Phenylhydratine,  NH,  .  NH .  CjHj :  The  first  product  is  a  hydra- 
zone,  which  yields  a  lactazam  when  heated.  Lcnmlinie  Fhenylhydrazone,  CH,C(^ 
N  .  NHC,H5)CH, .  CH, .  CO,H,   melu  at   lo8<».      yMethylu-phenyl  pyridazolon, 

CH, .  C( :  N  .  NC,H4)CH, .  CH,CO,  melts  at  81®  (A.  253,  44).     When  fused  with 

.C^H,.CO,H 
zinc  chloride  it  becomes  dimethyl  indol-acetic  acid,  C.H.Q       /C.CH,        •   Phenyl- 

\nA:h, 

hydraume-mesitonic  Acid,  Phenylhydrazone-a-dimethyl  laevulinic  Acid,  CH,C(N:- 
NHC,Hj)CH,  .  C(CH,^,CO,H,  melts  at  12I.5'>.        3.Methyl-i-dimethyl-n-phenyl 

pyridarolon,  CH.C( :  NNC,H5)CH,C(CH,),C0,  melts  at  %\'*  (A.  247,  loO. 

(4)  Action  of  Hydroxy lamine  :   Lcevulinic  C?jr»»f^,  CH,C(NOH)CH,CH,CO,H, 

melu  at  95^  (B.  25,  1930).     Concentrated  sulphuric  acid  re-anranges  thb  oxime  into 

CH,.CO        ^,, 
facdnmethylimide,     1  >NCH,. 
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^K«taaic  Acid*. 

Sad  mddt  hare  been  prepared  from  uetjl  g:1utaTic  ac\di  (see  these)  bf  the 
Sp^itliof-off  of  CO..     On  reduclioD  they  yield  A-tadimfi  (p.  31S). 

^Aceto-butyrlC  Acid,  Cll,.  CO.  CH,.  CH,.CH,.CO,H,  metti  at  13"  and 
bnis  at  17S°.  Sodiam  unalgun  cx>aTerti  it  into  a  salt  of  j-oiycaproic  add,  which 
jieldsad-lutoDe  (A.  116,  127). 

It  ii  formed  by  the  oxidation  of  y-acetobutfl  alcohol  (p.  318)  and  dihydrotC' 
Kwcinol  by  baryta  water.     Sodium  ethylate  chingci  it  back  into  dihydroresorcinol. 

•t-Ethyly-Acilyl  Bulyrit  -4«rf,  CH,.  CO.  CH(C,H,)CH,.  CH,.  CO.H,  boiU  at 
ITj'flOlwn.)!  at  jSo"  (760  mm,).  B-iyrtiulync  And,  CH,.  CH,.CH,  .  CO. - 
Clf, .  CH, .  CH, .  CO,H,  from  conioe,  melts  at  34=, 

Certain  higher  kelonicacidi  hate  beeo  prepared  by  theoiidilioo  of  hydroaiomatic 
compounds  iS  the  teipcoe  ^up,  and  are  important  in  determining  the  constitution 
of  liic  latler.  Other  ketonic  acids  result  from  the  hydrolysis  of  acetylene  cuboiylic 
acids  by  meant  of  coDcentnled  sulphuric  acid.  A  casein  point  alo-Xf/aitearic  Acid, 
from  sleoTOlic  add  (p.  287),  which  is  produced  on  trealing  oleic  and  cUIdic  di- 
bromide*  with  alcoholic  potash.  See  oleic  add  (p.  285)  for  the  value  of  these 
ketonic  acids  in  delennining  the  cotistitalioQ  of  the  oleline  aod  acetylene  carbonic 
acids,  which  are  closely  related  to  them. 

l-hoprepyl  heploni-VK  Acid,  /3-isopropy1  d-acelyl  raleric  acid,  CH,.  CO  .  CH,  .- 
CH,Cll{C,H,lCH,(-■0,H.  from  tetrahydrocarvooe,  mells  at  40°  and   boils  at  191" 
a  6  Dimilhyl  Kian-^-on  Add,  /Jmethyl  rj-ijoiiutyl  *a1eric  acid,  CH,  .  ■ 


t  83°.     It  is  obtained 
[I  chiorketosteBrk  acid  (D.  ag,  806},  a  traospositioa  product  of  ridnoleic  add 
(p.  386). 


B.  UNSATURATED  KETONIC  ACIOa.    OLEFINS  KETONIC  ACIDS. 

/{JCatonic  Acids: 

Bibldene  Aceto-acetic  Ester,  CH, .  CH :  C<^^  ■,?"',  resulu  from  the  action 
■A  hvUrochloric  acid  upon  aldehyde  and  acetotcetic  esler.  It  boils  at  111°  (A.  318, 
17*1  «■  »fl.  «72)- 

>-KtlonIc  Acida: 
^.*Ac«to-acrvhc  Add,  CH,.  CO.  CH:  CH.CO.H,  is  deHvcd  together  with  ^- 

'itylsuuliTiic  :)Fii  from  ^-bromUcTDlinic  acid  and  also  from  ihloralacitoru  npon 
in  wiih  "  -("la  solution.  It  melts  at  115°  C,  It  combines  with  HBr  and 
Wiinc.   forming   a^-dibrom-lievulioic   acid,    and    a-bromlxmlinic    acid  (A. 

hhloracetoacrylic      Acid,      CO,.  CX).CH :  CH.  CO,H,      or     CO,.- 

ni  T  CIICOO,  TMchlBrpkenomaRc  Add.  It  is  obtained  from  beniene  by 
n  of  ]>olH3siiim  chlorate  and  sulphuric  add  (A,  123,  170 ;  239,  176).  It 
lljl*.     ]t  breakt  up  into  chloroform  and  malelc  add  when  boiled  with  buioai 


I   aceiy'  'ic    add,   CCI,(^(OCOCH,.)CH;CH.  Coi, 
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melting  at  S6^  (A.  254,  152),  when  treated  with  acetic  anhydride.  Perckloracetyl 
Acrylic  Acid,  CCl, .  COCCI :  CCl .  CO,H,  melting  at  83^4''  (B.  26,  511),  and  other 
chlorinated  acetyl -acrylic,  and  acetyl  methyl  acrylic  acids  (6.  26,  1670),  are  formed 
from  the  decomposition  of  benzene  derivatives  which  have  previously  been  chlorin- 
ated. 

fi-Acetyl^dibrom-acrylic  Acid,  CH, .  COCBr :  CBr .  COOH,  or  CH,  .  C(OH)CBr : 

CBrCOO,  melting  at  78^,  results  upon  treating  a-tribromthiotolene  with  nitric 
acid.  Its  remarkably  low  conductivity  bespeaks  its  lactone  formula  (6.  24,  77 ; 
26,  R.  16). 

d-Ketonic  Acids. — ^Chlorinated  d-ketonic  acids  have  been  obtained  from  the 
ketochlorides  of  resorcinol  and  orcinol,  e.  g.,  trichloracetyl-trichlorcrotonic  acid, 
CCl, .  CO .  CCl :  CH .  CCl, .  CO,H,  see  B.  26,  317,  504,  1666. 


CARBONIC  ACID  AND  ITS   DERIVATIVES. 

The  acid  only  exists  in  its  salts  and  esters,  and  may  be  regarded 
as  oxyformic  acid,  HO .  CO  .  OH.  Its  symmetrical  structure  d  s- 
tinguishes  it,  however,  from  the  other  oxy-acids  containing  three 
atoms  of  oxygen.  It  is  a  weak  dibasic  acid  and  constitutes  the 
transition  to  the  true  dibasic  dicarboxylic  acids — hence  it  will  be 
treated  separately. 

On  attempting  to  liberate  the  hydrated  acid  from  carbonates  by  a 
stronger  acid,  it  breaks  down,  as  almost  always  happens,  when  two 
hydroxyl  groups  are  attached  to  the  same  carbon  atom.  A  molecule 
of  water  separates,  and  carbon  dioxide,  CO,,  the  anhydride  of  carbonic 
acid,  is  set  free.  The  carbonates  recall  the  sulphites  in  their  deport- 
ment, and  carbon  dioxide  reminds  us  of  sulphur  dioxide  or  sulphurous 
anhydride. 

Every  carbon  compound^  containing  an  atom  of  carbon  in  double 
union  with  an  oxygen  atom,  may  be  regarded  as  the  anhydride  of  a 
dihydroxyl  body  corresponding  to  it.  The  hydrate  formula,  C  =  O- 
(OH)„  of  carbonic  acid  may  be  viewed  as  the  formula  of  an  anhydride 
of  the  compound  C(0H)4.  Of  course  a  compound  of  this  form  will 
be  as  unstable  as  orthoformic  acid,  HC(OH)s  (p.  224).  However, 
esters  derived  from  the  formula  C(0H)4,  can  actually  be  prepared ; 
they  are  the  arthocarbonic  esters.  In  a  broader  sense,  all  methane 
derivatives,  in  which  the  four  hydrogen  atoms  have  been  replaced  by 
four  univalent  elements  or  residues,  must  be  considered  as  derivatives 
of  orthocarbonic  acid,  e,  g,^  tetrachlor-,  tetrabrom-,  tetra-iodo-,  and 
tetrafluormethane.  From  this  point  of  view  tetrachlormethane  is  the 
chloride  of  orthocarbonic  acid.  These  compounds,  together  with 
chloropicrin,  CCljNO,,  bromopicrin,  CBr,NO„  brom-nitroform,  CBr- 
(NO,),,  and  tetranitromethane,  C(N0,)4,  will  be  discussed  later  as 
derivatives  of  orthocarbonic  acid.  The  carbon  tetramide  is  not 
known.  Ammonia  appears  most  frequently  in  the  reactions  where  it 
might  well  be  expected,  and  also  guanidine,  which  sustains  the  same 
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relatidn  to  the  hypothetical  carbon  tetramide — the  amide  of  ortho- 
carbonic  acid,  as  metacarbonic  acid  bears  to  the  ortho-acid : 


.OH 

Orthocarbonic  Acid, 
Does  not  exist 

Amide  of  OrtliocarDontc  Acid, 
Does  not  exist 


C^H 


\ 


OH 


Metacarbonic  Acid, 
Does  not  exist 

Cf-NH, 
^NH, 

Guanidine. 


Carbon  Dioxide. 
Caibonic  Acid  Anliyaridi 


Carbon  Monoxide,  CO,  the  first  oxidation  product  of  carbon, 

was  described  immediately  after  formic  acid. 

Carbon  Dioxide,  CO,,  is  the  final  combustion  product  of  carbon. 

Under  favorable  conditions  the  carbon  of  every  organic  substance 

will  be  converted  into  it.     Carbon  in  the  quantitative  analysis  of 

carbon  derivatives  is  determined  in  the  form  gf  CO,. 

'  Several   methods  for  the  formation  of  carbonic  acid,  which  are 

especially  important  in  organic  chemistry,  may  be  mentioned  here. 

Carbonic  acid  is  developed  from  fermentable  sugars  in  the  alcoholic 

fermentation  process  (p.  119).     Carbonic  acid  is  readily  formed  by 

the  oxidation  of  formic  acid  (p.  224),  into  which  it  can  be  converted 

by  reduction  (B.  28,  R.  458).     Carbon  dioxide  can  be  withdrawn 

from  the  carbonic  acids,  /.  e.y  from  the  acids  containing  carboxyl, 

/OH 
— C/^    ,  when  hydrogen  will  enter  where  the  carboxyl  gfroup  was 

first  attached.  Those  polycarbonic  acids,  containing  two  carboxyl 
groups  in  union  with  each  other,  or  two  and  more  carboxyls  linked 
to  the  same  carbon  atom,  readily  part  with  carbon  dioxide  on  the 
application  of  heat.  In  the  latter  case  car  boxy  lie  acids  result,  in 
which  each  carboxyl  remaining  over  is  attached  to  a  particular  carbon 
atom,  e.g.: 

Malonic  Acid,  CH,<^^«[J >-  CO,  and  CH, .  CO,H. 

The  /9-ketonic  acids  deport  themselves  similarly  (p.  371),  e.g.  : 
Acetoacetic  Acid,  CH, .  CO .  CH, .  CO,H >-  CO,  and  CH, .  CO .  CH,. 

Monocarboxylic  acids  or  their  alkali  salts  can  be  deprived  of  CO, 
upon  heating  them  with  NaOH,  when  it  disappears  as  CO,Na,  (p.  81): 

CH3 .  CO,Na  +  NaOH  =  CO,Na,  +  CH^. 

The  electric  current  acting  upon  concentrated  solutions  of  the  alkali 
salts  of  carboxylic  acids  splits  off  carbon  dioxide  (p.  83),  e,  g,: 

+ 
2CH, .  CO,K >-  CH^civTa^  and  2K. 
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The  calcium  salts  of  many  carboxylic  acids  are  decomposed  by  heat 
with  the  production  of  calcium  carbonate  and  ketones  (p.  i88),  e.g.: 

(CH,CO,),Qi >  COjCa  +  CH, .  CO .  CH,. 

These  and  similar  reactions,  in  which  00,  is  easily  split  off  from 
organic  compounds,  are  of  the  first  importance  in  the  production  of 
the  different  classes  of  compounds.  In  contrast  to  the  splitting-off  of 
COt  in  certain  reactions  we  have  its  absorption  by  certain  organic 
alkali  derivatives:  nucleus-syntheses,  in  which  carboxylic  acids  are 
produced : 

CHjNa  +  CO,  =  CH, .  CO.Na  (p.  240). 

CjHjONa  -f  CO,  =  ^fii^r\\}       (compare  salicylic  acid). 

Esters  of  Metacarbonic  Acid,  or  ordinary  Carbonic  Acid. 
Tht primary  esters  oi  carbonic  acid  are  not  stable  in  a  free  con- 
dition. 

Dumas  and  Peligot  obtained  the  barium  salt  of  methyl  carbonic  acid  on  conduct- 
ing carbonic  acid  into  a  methyl  alcohol  solution  of  anhydrous  baryta  (A.  35,  283). 

O   CH 
The  potassium  salt  of  Ethyl  Carbonic  Acid,  ^0<q^^    ^,  separates  in  pearly 

scales  on  adding  CO,  to  the  alcoholic  solution  of  potassium  alcoholate.     Water 
decomposes  it  into  potasaum  carbonate  and  alcohol. 

The  neutral  esters  appear  (i)  when  the  alkyl  iodides  act  on  silver 
carbonate : 

COjAg,  +  aCjHjI  =  C0,(C,H5),  +  2  Agl ; 

also  (2)  by  treating  esters  of  chlorformic  acid  with  alconols,  whereby 
mixed  esters  may  also  be  obtained  : 

co<o .  CH.  +  C.H.  •  OH  =  c:o<g ;  c^»  +  HCI. 

Methyl-ethyl  Carbonate. 

It  is  also  true,  that,  with  application  of  heat,  the  higher  alcohols  are  able  to  expel 
the  lower  alcohols  from  the  mixed  esters : 

co<^ ;  ^^^  -I-  c,H, .  OH  =  co<^ ;  ^^^  +  ch.oh. 

Methyl  Ethyl  Ester  Diethyl  Ester. 

Hence,  to  obtain  the  mixed  ester,  the  reaction  must  occur  at  a  lower  temperature. 

As  regards  the  nature  of  the  product,  it  is  immaterial  as  to  what  order  is  pursued 
in  introducing  the  alkyl  groups,  i.  e.y  whether  proceeding  from  chlorformic  ester,  we 
let  ethyl  alcohol  act  upon  it,  or  reverse  the  case,  letting  methyl  alcohol  act  upon  ethyl 
chlorformic  ester ;  the  same  methyl  ethyl  carbonic  acid  results  in  each  case J[B.  13, 
241 7).  This  is  an  additional  confirmation  of  the  like  valence  of  the  carbon  affinities, 
already  proved  by  numerous  experiments  made  with  that  direct  object  (with  the  mixed 
ketones)  in  view. 

The  neutral  carbonic  esters  are  ethereal  smelling  liquids,  dissolving 
readily  in  water.     Excepting  dimethyl  and  the  methyl -ethyl  ester,  all 

33 
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are  lighter  than  water.  With  ammonia  they  first  yield  carbamic  esters 
and  then  urea.  When  they  are  heated  with  phosphorus  pentachloride, 
an  alkyl  groupJs  elimiaated,  and  in  the  case  of  the  mixed  esters  this 
is  always  the  lower  one,  while  the  chlorformic  esters  constitute  the 
product : 

'^<ocS  +^=^"'<O.C,H  +PCl,0  +  CH,a. 

Hatbyl  Carbonic  Bal«r,  CO,(CH,),,  is  produced  from  chlorfmiic  ester  bj  heat- 
ing wiih  lead  oiide.  It  boils  ■!  gi".  The  methyl  etbyl  eater,  COt<r  {{  •  boiis 
■I  lag".  The  etbyl  ester,  CO,(C,H,)„  is  obiained  from  ethyl  oxalate,  C,0,(C,H,),, 
un  wanning  with  sodium  or  sodium  ethylate  (wilb  evolution  of  CO,).  It  boils  at 
116°.     The  mttkyt prept  filer,  CO,(CH,)(C,H,),  boils  al  131=. 

The  tthylent  eiltr,  CO,C,H„  glycol  carbonate,  obtained  from  glycol  and  COCI,, 
melts  at  39°  and  boiU  al  336°. 

DerlvBtivaa  of  Orthocarbonic  Acid  (p.  383). 

Orlkocarbimu  Etter,C{0.  C,Hi)j{i864  Bassell.A.  131,  54),  may  be  regarded  as 
the  ether  of  the  letcahydric  alcohol  or  normal  carbooic  acid,  C{OH),.  Il  ii  ptoduced 
when  sodium  ethylale  act*  on  chloropicrin  : 

Ca,(NO,)  +  4'^H, .  ONa  ^  C(0 .  C,H,),  +  sNaQ  +  NO.Na. 

It  is  a  liquid  wiib  an  ethereal  odor,  and  brali  at  158-159°.  When  healed  with 
ammonia  il  yields  guanidine  and  alcohol. 

The  propyl  isler,  C(O.C,H,)j,  btrili  at  2140,  the  isoiiayl  titer  at  250",  and  it 
Hems  the  methyl  isltr  cm  not  be  prepared  (A.  aoj,  354). 

The  tetrahalogen  substitution  products  of  methane  appear  to  be 
the  halides  corresponding  to  orthocarbonic  acid.  They  bear  the  same 
relation  to  the  orthocarbonic  esters  that  chloroform,  bromofonn  and 
iodoform  sustain  to  the  orthoformic  esters.  However,  the  ortho- 
carbonic acid  esters  have  not  yet  been  prepared  from  the  tetrahalogen 
substitution  products  of  methane.  Several  nitrohalogen  methanes 
and  tetranitro-methane  will  be  described  here. 

Methane  Tetrahalogen  Substitution  Products  : 

Tttrafiturmtlhant,  Carbon  Telrmfluoride,  CF,,  is  a  coloriess  gas,  condeiuable  by 
pressure.  It  is  remarkable  (hat  ihia  body  belongi  to  that  small  class  of  carbon 
derivatives  which  can  be  directly  prepared  from  the  elements.  Finely  divided 
carbon,  t.  g. ,  lamp  black,  combinei  directly  with  fluorine,  with  production  of  light 
and  beat,  and  yields  CF,. 

lormethane    or    Carboo    Tetrachloride,    CCU,    is 

■*  the  action  of  chlorine  upon  chloroform  in  sunlight,  or 

ition  of  iodine,  and  (a)  by  action  of  CI  upon  CS,  at 

and  C,Clt  being  formed  at  the  same  time  (B.  27,  3t6o); 

\\v  SCI,  in  the  presence  of  small  quantities 

I.  +  6S  (D.  R.  P.  72999). 

id,  boiling  at  76°,     Its  specific  gravity 

slidifies  to  a  crystalline  mass.     It  is  an 

etarues,  and  is  made  upon  a  technical 
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scale.    Heated  with  alcoholic  KOH,  it  decomposes  according  to  the 
following  equation : 

Ca^  +  6K0H  =  K,CO,  +  3H,0  +  4Ka. 

CCl^  sustains  the  same  relation  to  carbonic  acid  that  chloroform  does  to  formic  acid. 

When  the  vapors  are  conducted  through  a  red-hot  tube,  decomposition  occurs; 
C,C1.  and  C,Clg  are  produced. 

This  is  an  interesting  reaction  because,  as  we  learned  under  acetic  acid  (p.  274),  it 
plays  a  part  in  the  first  synthesis  of  this  long-known  acid.  When  carbon  tetra- 
chloride IS  digested  with  phenols  and  sodium  hydroxide,  phenol  carboxylic  acids  are 
produced. 

Tetrabrommetbane»  CBr.,  obtained  by  the  action  of  brom-iodide  upon  bromo- 
form  or  CS|,  crystallizes  in  shining  plates,  melting  at  92.5°,  and  boiling,  with  but 
little  decomposition,  at  189^. 

Tetraiodomethane,  CI4,  carbon  iodide,  is  formed  when  CCI4  is  heated  with 
aluminium  iodide.  It  crystallizes  from  ether  in  dark- red,  regular  octahedra,  of 
specific  gravity  4.32  at  20^.  On  exposure  to  air  it  decomposes  into  CO,  and  I. 
Heat  accelerates  the  decomposition. 

Nitro-derivatives  of  Orthocarbonic  Acid. 

Nitrochloroform,  C(NO,)Cls — Chloropicrin,  trichlor-nitrome- 
thane,  is  frequently  produced  in  the  action  of  nitric  acid  upon  chlor- 
inated carbon  compounds  (chloral),  and  also  when  chlorine  or  bleach- 
ing powder  acts  upon  nitro-derivatives  (fulminating  mercury,  picric 
acid  and  nitromethane ;  also  from  fulminating  mercury,  p.  238). 

In  the  preparation  of  chloropicrin,  10  parts  of  freshly  prepared  bleaching  powder 
are  mixed  to  a  thick  paste  with  cold  water  and  placed  in  a  retort.  To  this  is  added 
a  saturated  solution  of  picric  acid,  heated  to  30°.  Usually  the  reaction  occurs  with- 
out any  additional  heat,  and  the  chloropicrin  distils  over  with  the  aqueous  vapor  (A. 

139.  "1). 

Chloropicrin  is  a  colorless  liquid,  boiling  at  11 2^,  and  having  a  spe- 
cific gravity  of  1.692  at  o®.  It  possesses  a  very  penetrating  odor  that 
attacks  the  eyes  powerfully.  It  explodes  when  rapidly  heated.  When 
treated  with  acetic  acid  and  iron  filings  it  is  converted  into  methyl- 
amine: 

Ca,(NO,)  +  6H,  =  CH, .  NH,  +  aHQ  +  2H,0. 

Alkaline  sulphites  change  it  to  formyl  trisulphonic  acid,  ammonia 
to  guanidine,  and  sodium  ethylate  to  orthocarbonic  ester  (p.  386). 

BioRiopicrin,  CBr,(NO,),  melting  at  -}-  10°,  can  be  distilled  under  greatly  re- 
duced pressure  without  decomposition,  and  is  formed,  like  the  preceding  chloro-com- 
poand,  by  heating  picric  acid  with  calcium  h3rpobromite  (calcium  hydroxide  and 
bromine),  or  by  heating  nitromethane  with  bromine  (p.  157).  It  closely  resembles 
chl<»ropicrin. 

Brom-nitrofonn,  C(NO,)36r,  Brom-trinitromethane,  is  produced  by  permitting 
bromine  to  act  for  several  days  upon  nitroform  exposed  to  sunlight.  The  reaction 
takes  place  more  rapidly  by  adding  bromine  to  the  aqueous  solution  of  the  mercury 
salt  of  nitroform.  In  thecold  it  solidifies  to  a  white  crystalline  mass,  fusing  at  -|-12°. 
It  Tolatiiizes  in  steam  without  decomposition. 
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Tetranitromethane,  C(NO,)u  results  on  beatiog  nitrofOTm  with 
a  mixture  o(  fuming  nitric  acid  and  sulphuric  acid.  It  is  a  colorless 
oil  that  solidifies  to  a  crystalline  mas,  fusing  at  13**.  It  is  insoluble 
in  water,  but  dissolves  readily  in  alcohol  and  ether.  It  is  very  stable, 
and  does  not  explode  on  application  of  heat,  but  distib  at  116°. 


CHLORIDBS  AND  AZIDES  OF  CARBONIC  ACID. 

Two  series  of  salts,  two  series  of  esteis,  and  two  chlorides  c 
obtained  theoretically  from  a  dibasic  acid : 


-0 .  C,H, 


co<8&S!       oo<8! 


19^»1 


Elhyl  Citbonk  Acid,  Carbon k  AchT,  Cndarcarinaic  EaUr.  Pboacoic. 
only  known  11  Hll  DKlbyl  EUn  only  uoUr 

(i)  Chlorcarbonic  Eater. — The  primary  chloride  of  carbonic 
acid,  chlorfarbonic  add,  is  not  known,  because  it  splits  off  HCI  too 
easily.  Its  esters  are,  however,  known.  They  are  produced  when 
alcohols  act  upon  phosgene,  the  secondary  chloride  of  carbonic  acid, 
carbon -oxy chloride  (Dumas,  1833).  They  arc  often  called  chlor- 
formic  esters,  because  they  can  be  regarded  as  esters  of  the  chlorine 
substitution  products  of  formic  acid  : 

coci,  +  c:,H,oH  =  a .  cooc,Ht  +  iia. 

Tbey  >re  most  rCBdilj'  prepared  by  inlradudiis  th«  almhol  into  liquid  and  stroogl; 
cooled  phosgene  (B.  iS,  1177).  They  are  volaltle,  disa^iecable-snielliDg  liquids, 
decomposoble  by  waler.  Vi'hcD  healed  with  anhydrous  alcohols  they  yield  the  nealral 
carbonic  esters;  with  ■nimonia  ibey  yield  urethanes  (p.  394);  with  hydrxiire, 
hyd  rail -carbonic  esters  (p.  405) ;  with  ammoniam  hydrooitride,  oitn^en  esters  of 
cartH)nic  acid  (p.  389).  Tliey  contain  the  eronp  COCI,  jsit  as  in  acetyl  chkxide; 
hence  they  behave  like  Calty  acid  chlorides. 

The  methyl  estar.CCIO.O.  CH„  trails  at  71.4°;  the  ethyl  e«ter,CQO,.C^Hf, 
at  q;°;  *p.  et.  1.14396  (15°);  the  propyl  ester  at  115°, the  laobaiyl  eater  at 
li\8°.  and  the  iioaroyl  ester  at  1540  (B.  13,2417;  25,  1449)- 

ririkhrcarbonii  Ethyl  Eilft.  Q  .  CO .  OC,CI,,  nwlliDg  Bt  ah"  and  boiling  at  »X)' 
under  ordinary  pressure,  at  83°  (lo  mm.),  sp.  gr.  1.73701,  is  isomeric  with  perchlor- 
acitic  methyl  eater  (p.  175  ;  A.  373.  5^)- 

bonyl  Chloride,  COCI,,  Phosgene  Gas,  Carbon  Oxychlo- 
ig  at-f-8",  was  first  obtained  by  Davy,  in  181 2,  by  the  direct 
»ith  CI,  iu  sunlight;  hence  the  name  phosgene,  from 
id  ycwiim,  to  produce.  It  is  also  formed  by  conducting 
lirg  SbCIg,  and  by  oxidizing  chloroform  by  air  in  the 
iili  chromic  acid: 

<;iici,  +  ctO,  +  ao  =  *coa,  +  h,o  +  ciO,ci,. 

s  most  conveniently  prepared  from  carbon  tetrachloride 
id  80  per  rent,  "Oleum"  (izoc.c),  a  sulphuric  acid  con- 
(B.  a'  n  the  S0(  is  converted  into  pyrosul- 

loride, 
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Technically  it  is  made  by  conducting  CO  and  G,  over  pulverized  and  cooled  bone 
charcoal  (Patem6).  Instead  of  condensing  the  gas  it  may  be  collected  in  cooled 
benzene. 

Carbonyl  chloride  is  a  colorless  gas  with  suffocating  odor,  and  on 
cooling  is  condensed  to  a  liquid.  Transpositions  .•  (i)  Water  at  once 
breaks  it  up  into  CO,  and  2HCI.  (2)  Alcohols  convert  it  into  chlor- 
carbonic  and  carbonic  esters.  (3)  With  ammonium  chloride  it  forms 
urea  chloride.  (4)  Urea  is  produced  when  ammonia  acts  upon  it. 
Phosgene  has  been  employed  in  numerous  nucleus-synthetic  reactions, 
e.  g.,  it  has  been  used  in  the  technical  way  for  the  preparation  of 
di-  and  tri-phenylmethane  dye-stuffs  (see  tetra-methyl-diamido-benzo- 
phenone). 

Carbtm  Oxychlorhromidty  COClBr,  boiling  at  35-37^,  and  carbon  oxybromide, 
COBr,,  boiling  at  63-66^  are  formed  when  COCl,  and  Pfir,  interact  at  150° 
(B.  aS,  R.  148). 

The  nitrogen  carbonic  esters  and  nitrogen  carbon  monoxide  correspond  to  the 
chlorcarbonic  esters. 

Nitrogen  Carbonic  Methyl  EsteVy  Azide  Carbonic  Ester,  N, .  COjCgH^,  boiling  at 
102°,  is  a  transparent  liquid,  produced  by  the  action  of  chlorcarbonic  ester  upon 
ammonium  hydronitride  (J.  pr.  Ch.  \2\  5a,  461). 

Nitrogen  Carbon  Monoxide y  CO(N,),,  consists  of  explosive  crystals,  very  volatile, 
with  a  penetrating  and  stnpefying  odor,  recalling  both  bydronitric  acid  and  carbon 
oxycfaloride.  It  is  produced  when  sodium  nitrite  acts  upon  the  hydrochloride  of 
cartx)bydrazide : 

CO(NH  .  NH, .  HCl),  +  2N0,Na  =  CO(N5),  +  2NaCl  +  4H,0. 

Its  aqueous  solution  decomposes  into  carbon  dioxide  and  hydrazoic  acid  (6.  ay, 
2684 ;  J.  pr.  Ch.  [2]  5a,  282). 


SULPHUR  DERIVATIVES  OP  ORDINARY  CARBONIC  ACID. 

By  supposing  the  oxygen  in  the  formula  CO(OH),  to  be  replaced 
by  sulphur,  there  result : 

_    nc\^  S^     Thiocarbonic  Acid  ^     ro.^^^     Sulphocarbonic  Acid 

I.  '^^<.0H     Carbon-monothiol  Acid  **    ^^^OH     Thion-carbonic  Acid 

_    r'/l.^SH     Dtthiocarbonic  Acid  .     CQ.^  ^^     Sulphothiocarbonic  Acid 

3.  '-W^jjH     Carbondithiol  Acid  ^'    ^^^OH     Thion-carbon-thiol  Acid 

SH 
5.    CS<[ou     Trithiomrbonic  Acid. 

The  doubly-linked  S  is  indicated  in  the  name  by  sulph  or  thiony 
while  it  is  thio  or  thiol  when  it  is  singly  linked. 

The  free  acids  are  not  known,  or  are  very  unstable.  Numerous 
derivatives,  such  as  salts,  esters  and  amides,  are  known.  Carbon  oxy- 
sulphide,  COS,  is  the  anhydride  or  sulphanhydride  corresponding  to 
thiocarbonic  acid,  sulphocarbonic  acid  and  di  thiocarbonic  acid. 

Carbon  disulphide,  CS,,  sustains  the  same  relation  to  sulphothiocar- 
bonic acid  and  trithiocarbonic  acid  that  carbon  dioxide  does  to  ordi- 
nary carbonic  acid. 


39= 


Tbt  Twr.  a-r;.  i^  d**^  i_'>^  jzlc 


S!i.^c.^   Qcr.tA>.»cs  -A 


,  cscv 

^  be  first  discnsBcd,  then  the 
L :  DecL  to  viiich  thiophosgene 
rrccsc  estcis  attach  them- 


Osfsc^pfeade.  CI*?  ISC7  C  ▼.  TIbp:.  A_  Sp^  5.  24$^*  occurs  in  some 
^^r.  r-fi  B  ».i..t.'i  I  i^  -»*«'■>■  ■  r  fx.  jccr  vx;«cr  aad  cartxm  OBOOOzkie 
tir-.r^-  "r:  !.:<•  -ii<i  2  «  vac  -^  C^,  wxi  >  y  3  Bt  tbe  acdoo  of  OOCl, 
xz^jK.  *.z^  i£  2rx>-2yL'  i  14.  2C1  -  li  s&  DTsS  £ft>^>  ptepared  14)  by  beating 
rrfjt -*.!-=  :r*:«r»ararff  w  -i.  5ct«^3t»c  aod.  cilssec  wrta  aa  eqsal  vofauneof  water: 
C7^'    >Ai  ^  Kv-  =  C-*:»  —  NH,    b   ao.  550  .  or  wiA  fi«n  acids. 

Is  <:rd<fT  tc  octalr  h  pcre,  £x»iBct  t^  gs»  isto  aa  ajcolkcuc  potash  sohtfioo,  and 

is  deoDcposetiK  se;A.-Mfid  pocas^ns  csbr^  thaocarinHlc,  CX><^^^^^.  with  di- 

hat  *•  T-f  r»xLIcr:«  acid. 

CartiXi  oxT-^p  lide  is  a  cc^or <s  gas,  with  a  faint  and  pecnliar  odor.  Ic  mflames 
rcacLlj,  mad  i-jcTm  an  exp'  :f5  re  ciix:;ze  whh  air.  It  b  sovcble  in  an  eqnal  volnme 
oi  water.     Ii  is  decocposed  bj  tbe  alkalies  accoctling  to  the  foiiowing  eqoatioo : 

COS  -r  4KOH  =  CX>,K,  -r  K,S  -r  *H,0. 

Carbon  Disolphide,  CS^,  bailing  at  47^,  was  first  obtained  in 
1796  by  Lam-ad.u:),  when  he  disiiiied  pynte  with  carbon.  It  is  at 
present  obtained  by  conducting  sulphur  vapor  over  ignited  charcoal, 
and  is  one  of  the  few  carbon  compounds  which  can  be  prepared  by 
the  direct  union  of  carbon  with  other  elements.  It  is  a  colorless 
liquid  with  strong  refractive  power,  and  at  o^  has  a  specific  gravity  of 
1.297.  It  is  obtained  pure  by  distilling  the  commercial  product  over 
mercury  or  mercuric  chloride ;  its  odor  is  then  very  faint.  It  is  almost 
insoluble  in  water,  but  mixes  with  alcohol  and  ether.  It  serves  as  an 
excellent  solvent  for  iodine,  sulphur,  phosphorus,  fatty  oils  and  resins, 
and  is  used  in  the  vulcanization  of  rubber.  In  the  cold  it  combines 
with  water,  yielding  the  hydrate  2CS,+  H,0,  which  decomposes  again 
at  — 3*>. 

Carbon  disulphide,  in  slight  amoaot,  is  detected  by  its  conveision  into  potassium 
xanthate.  This  is  accomplished  by  means  of  alcoholic  potash.  The  cop|)er  salt 
is  obtained  from  the  potassium  compound.  The  pyrodactton  of  the  bright-red  com- 
pound of  CS,  with  Iriethyl  phosphine  (p.  174,  and  B.  13,  1732)  is  a  more  delicate 
test.     Compare  also  the  mnstard-oil  reaction,  p.  166. 

H,S  and  CS,  conducted  over  heated  copper  yield  methane  (p.  81).  Carbon 
disulphide  is  tolerably  stable  toward  dry  halogens,  so  that  frequently  it  is  used  as  a 
solvent  in  adding  halogens  to  unsaturated  carbcm  compounds. 

However,  chlorine  gas  converts  CS,  into  thiocarbonyl  chloride,  CSCl,,  and  in  the 
presence  of  iodine  into  CSCl^  =  CCf,  .  SCI,  perchlormethyl  mercaptan  and  S,C1, ; 
finally  into  CCl^  (p.  386).  Alcoholates  change  it  into  xanthates.  Zinc  and  hydro- 
chloric acid  convert  CS,  into  trithiomethylene. 

icarbonic  Acid. — The  salts  and  esters  of  all  these  acids, 
vhen  free  are  exceedingly  unstable,  maybe  produced  (i)  by 
on  of  the  anhydrides,  CO,,  COS,  CS,,  with  (a)  the  sulphides 
ilkali  and  alkaline  earth  metals,  (^)  the  mercaptides  of  the 
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alkali  metals,  (^)  and  of  the  last  two  with  alcoholates;  (2)  by  the 
transposition  of  the  salts  thus  obtained  with  aikylogens  and  alkylen 
dihalides ;  (3)  by  the  action  of  alcohols  and  alcoholates,  mercaptans 
and  alkali  mercaptides  upon  COCl, .  CI .  CO.QHft  (p.  388),  CSClj  and 
CI .  CS,C,H6  (p.  393). 

Monothiocarbonic  Acids  : 

1.  Ethyl  Thiocarbonic  Acid.— Ethyl  carbon-mono- thiol  Add,  HS.CO.C)C,Hg. 

The  potassium  sali^  ^^^SK        *'  ^  obtained  (i)  from  xanthic  esters  and  alcohol. c 

potash  (p.  392),  and  (2)  in  the  union  of  carbon  dioxide  with  potassium  mercaptide. 

It  crystallizes  in  needles  and  prisms,  which  readily  dissolve  in  water  and  alcohol. 

O  C  H 
With  ethyl  iodide  the  potassium  salt  forms  ethyl  thioxy carbonate^  CO<[c    c'h^' 

which  can  be  prepared  from  chlorcarbonic  ester,  COCl.  O .  C^Hg,  and  sodium  or  zinc 
mercaptide.  It  boils  at  156^.  Alkalies  decompose  it  into  carbonate,  alcohol  and 
mercaptan  TB.  19,  1227). 

2.  Sulpnocarbonic  Acid. — ^Tbion-carbonic  Acid,  HO .  CS .  OH.  Its  ethyl  ester ^ 
CS(0 .  C,Hj)»  is  produced  by  the  action  of  sodium  alcoholate  upon  thiocarbonyl 
chloride,  CSCl,,  and  in  the  distillation  of  S,(CS .  O .  CiHj),.  It  is  an  ethereal 
smelling  liquid,  boiling  at  161°.  With  alcoholic  ammonia  the  ester  decomposes  into 
alcohol  and  ammonium  thiocyanate,  CN .  S .  NH^. 

Dithiocarbonic  Acids. 

3.  Dithiocarbonic  Acid,  Carbon-dithiol  Acid,  CO(SH),.  The  free 
acid  is  not  known. 

The  methyl  ester,  CO(S.  CH,),,  boils  at  169® ;  the  ethyl  ester,  CO(S .  C,Hj)„  at 
196®.     These  result  (i)  when  COCl,  acts  upon  the  mercaptides : 

COCl,  -f  2C,H5 .  SK  =  CO(S .  C,H5),  -f-  2KCI ; 

and  (2)  when  thiocyanic  esters  (p.  423)  are  heated  with  concentrated  sulphuric 
acid: 

2CN .  S .  CH,  +  3H,0  ==  CO(S .  CH,),  +  CO,  -f  2NH,. 

They  are  liquids  with  garlicky  odor.  Alcoholic  ammonia  decomposes  them  into 
urea  and  mercaptans : 

CO(S .  CjHj),  +  2NH,  =  C0<JJ2«  -f-  2C,H, .  SH. 

Ethylene  Dithiocarbonic  Ester,  C0<|^  1  *»  ^ro™  trithiocarbonic  ethylene  ester, 
melts  at  31®. 

4.  Suipholhiocarbonic  Acid,  Thion-carbon-thiol  Acid,  HO  .  CS .  SH, 
does  not  exist  free.  The  xanthatcsj  R .  O .  C  .  SSMe,  discovered  by 
Zeise  in  1824,  are  obtained  from  it. 

The  xanthates  are  produced  by  the  combined  action  of  CS,  and 
caustic  alkalies  in  alcoholic  solution — c.  g.,  potassium  xanthate,  con- 
sisting of  yellow,  silky  needles,  which  crystallize : 

CS,  +  KOH  -f  CjHg .  OH  ==  CS<^j^^"6  +  H,0. 

Potassium  Etbylzanthate. 
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Cupric  salts  precipitate  yellow  copper  salts  from  solutions  of  the 
alkaline  xanthates.  The  acid  owes  its  name,  (oi^c,  yellow,  to  this 
characteristic.  By  the  action  of  alkyl  iodides  upon  the  salts  we  obtain 
the  esters. 

The  latter  are  liquids  with  garlicky  odor,  and  are  not  soluble  in 
water.  Ammonia  breaks  them  up  into  mercaptans  and  esters  of  sulpho- 
carbamic  acid  (p.  406) : 

^<S  ;§S  +  NH,  =  CS<2h^"»  +  C,H. .  SH. 

With  alkali  alcoholates,  mercaptan  and  alcohol  separate,  and  salts 
of  the  alkyl  thiocarbonic  acids  (p.  391)  are  formed  (B.  13,  530): 

CS<S :  §5  +  CH. .  OK  +  H.0  =  ^Uj ;  0«  +  CO<O^CH. 

Xanthic  Acid,  or  ethyl  oxydithiocarbonic  acid,  C^H^ .  O .  CS .  SH.  A  heavy 
liquid,  not  soluble  in  water.     It  decomposes  at  25^  into  alcohol  and  CS,. 

S.CS.O.CjH. 
Xanthic  Disulpkide^  1  >^  u  >  *^  produced  on  adding  an  alcoholic  solu- 

S .  CS .  O  *  C|Hj^ 

tion  of  iodine  to  the  potassium  salt  just  as  acetyl  sulphide  is  obtained  from  thiacetic 
acid  (p.  262).     Insoluble,  shining  needles,  melting  at  28^. 

The  ethyl  ester^  C,Hj  .  O .  CS .  S .  C-Hj,  is  a  colorless  oil,  boiling  at  200®. 

Ethyl-methyl   xanthic   ester,   CH.O .  CS .  S .  C^H^,  and   methyl   xanthic   ester, 

CgHg .  O .  CS .  S .  CH„  both  boil  at  184^'.     They  are  distinguished  by  their  behavior 

toward  ammonia  and  sodium  alcoholate  (see  above). 

SH 
5.   Trithiocarbonic  Acid,  CSjH,  =  CS<cu-  Hydrochloric  acid  precipitates 

this  as  a  reddish-brown,  oily  liquid,  from  solutions  of  its  alkali  salts.  It  is  insoluble 
in  water  and  is  very  unstable.  The  alkali  salts,  when  acted  upon  by  the  correspond- 
ing  halogen  compounds,  yield  the  following  esters : 

S    C  H 
Ethyl  Trithiocarbonate,  CS<q  '  p'^i'i  boils  at  240^  with  decomposition.    The 

methyl  ester,  CS(S.  CH,)„  boils  at  204-205®.     The  ethylene  ester,  CS<|>C,H4, 

melts  at  39.5®.  When  oxidized  with  dilute  nitric  acid  the  ester  becomes  ethylene- 
di thiocarbonic  ester,  COS, :  C,H^  (A.  ia6,  269). 

Chlorides  of  the  Sulpho-carbonic  Acids :  Thiophosgene,  Thiocarbonyl  Chlo- 
ride, CSCl,,  boiling  at  73®,  sp.  gr.  1.508  (15®),  is  produced  when  chlorine  acts  upon 
carbon  disulphide,  and  when  the  latter  is  heated  with  PCl^  in  closed  tubes  to  200® : 
CS,  4-  PCI5  =  CSCl,  -f  pa,s. 

It  is  most  readily  obtained  by  reducing  perchlbrmethylmercaptan,  CSQ4  (p.  393)» 
with  stannous  chloride,  or  tin  and  hydrochloric  acid  (B.  20,  2380 ;  az,  102)  : 

CSCI4  +  SnCl,  =  CSCl,  +  SnCV 

This  is  the  method  employed  for  its  production  in  large  quantities. 

It  is  a  pungent,  red-colored  liquid,  insoluble  in  water.     On  standing  exposed  to 

sunlight  it  is  converted  into  a  polymeric,  crystalline  compound,  C^S^Q^  =  CI .  CS .  - 

"Clj,  methyl  perchlor-dithioformate,  which  melts  at  Il6°,  and  at  loo®  reverts  to 

lid  body  (B.  26,  R.  600).     Water  decomposes  thiophosgene  into  CO,,  H,S 

Q,  while  ammonia  converts  it  into  ammonium  sulphocyanide  (p.  422). 
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Thiocarbonyl  chloride  converts  secondary  amines  (i  molecule)  into  dialkyl  sulpho- 
carbamic  chlorides : 

CSCI,  +  NH(C,H5)C,Hft  =  CS<j^^^H^j^jj^  _^  jjq 

A  second  molecule  of  the  amine  produces  tetra-alkylic  thioureas  (B.  ai,  102). 

Benxene,  in  the  presence  of  AIQ,,  yields  thiobenzophenone. 

Phosgene  and  thiopbosgene,  when  acted  upon  by  alcohols  and  mercaptans,  yield 
sulphur  derivatives  of  chlorcarbonic  ester  (p.  389). 

Ckiorearbon'thiol  Ethyl  Ester, Q.COSCjHj 

aUortkUcarbonic  Ethyl  Ester,  . CI.CSOCTHj 

ChUrperthiocarbonic  Ethyl  Ester, Cl.CSS^Hj 

PerchlorsulphO'thiocarbonic  Methyl  Ester,   .   •   .    .  CI .  CSSdCl,  (see  thiophosgene). 
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Perchlormethyl  Mercaptan,  CClg.  SCI,  boiling  at  147^,  results  from  the  action  of 
chlorine  upon  CS,.  It  is  a  bright  yellow  liquid.  Stannous  chloride  reduces  it  to 
thiophosgene.     Nitric  acid  oxidizes  it  to 

TrUhlormethyl  Sulphonic  Chloride,  CCI3.  SO3CI,  melting  at  135°  and  boiling  at 
170^,  which  can  be  made  by  the  action  of  moist  chlorine  upon  CS,.  It  is  insoluble 
in  water,  but  dissolves  readily  in  alcohol  and  ether.  Its  odor  is  like  that  of  camphor, 
and  excites  tears.    Water  changes  the  chloride  to 

TrUhlormethyl  Sulphonic  Acid,  CCl, .  SO3H  -{-  H,0,  consisting  of  deliquescent 
crystals.  By  reduction  it  yields  CHCl, .  SO,H,  dichlormethyl  sulphonic  acid,  CH,- 
Cl.  SO,H,  monochlormethyl  sulphonic  acid,  and  CH|.  SO3H  (p.  152). 

Diethyl  Sulphone  Dibrom- methane,  CBrj^SOfi^H^)^,  melting  at  131°,  Bnddiethyl- 
sulphone  di-iodomethane,  CI,(SO,C,H5),,  melting  at  176^,  are  formed  when  bromine 
acts  upon  diethyl  sulphone  methane,  and  iodine  in  potassium  iodide,  or  iodine  alone 
upon  diethyl  sulphone  methane  potassium  (B.  30,  407). 

Potassium  Di-iodonuthane  Disulphonate,  CI,(SO}K)j,  and  Potassium  lodomethane 
Disulphtmate,  CHI(SO,K),,  are  produced  when  potassium  diazomethane  disulpho- 
nate is  decomposed  with  iodine  and  with  hydrogen  iodide.  Sodium  amalgam  reduces 
both  bodies  to  methylene  disulphonic  acid  (p.  204). 

Potassium  Methanoltrisulphoptate,l\0 ,  C(SO,K)| .  H,0,  results  when  the  addition 
product  of  acid  potassium  sulphite  and  potassium  diazomethane  disulphonate  is  boiled 
with  hydrochloric  acid.  A  like  treatment  of  potassium  sulph-hydrazimethylene  tri- 
sulphonate  will  also  yield  it  (B.  a8,  2378). 


AMIDE  DERIVATIVES  OP  CARBONIC  ACID. 

Carbonic  acid  forms  amides  which  are  perfectly  analogous  to  those 
of  a  dibasic  acid — e.  g,,  oxalic  acid  (p.  432) : 

"XS^*  ^^<^\  «><c"'  CO<^H| 

Carbamic  Acid  Urethane,  Urea  Chloride,  Urea. 

Carbamic  Ester      Carbamic  Chloride       Carbamide 

CONH,  CONH,  CO .  NH, 

iooH  (!:o .  O .  C,Hj  60 .  NH, 

Oxamic  Acid  Oxamic  Ester  Ozamide. 

Carbamic  Acid,  H,N .  CO .  OH,  Amidcformic  Acid,  is  not  known 
in  a  free  state.   It  seems  its  ammonium  salt  is  contained  in  commercial 
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ammonium  carbonate,  and  is  prepared  by  the  direct  union  of  two 
molecules  of  ammonia  with  carbon  dioxide.  It  is  a  white  mass  which 
breaks  up  at  60^  into  2NHs  and  COt,  but  these  combine  again  upon  cool- 
ing. Salts  of  the  earth  and  heavy  metals  do  not  precipitate  the  aqueous 
solution  ;  it  is  only  after  warming  that  carbonates  separate,  when  the 
carbamate  has  absorbed  water  and  becomes  ammonium  carbonate. 
When  ammonium  carbamate  is  heated  to  130-140^  in  sealed  tubes, 
water  is  withdrawn  and  urea,  CO(NH,)„  formed. 

The  esters  of  carbamic  acid  are  called  urethanes ;  these  are  obtained 
(i)  by  the  action  of  ammonia  at  ordinary  temperatures  upon  carbonic 
esters: 

CO<8 :  §5  +  ^"'  =  '^°<0  "<?.H.  +  C.H. .  OH ; 

and  (2)  in  the  same  manner  from  the  esters  of  chlorcarbonic  and  cyan- 
carbonic  acids : 

«><o .  c:,H,  +  *NH.  =  CO<^«^j,^  +  NH.a. 
CO<o'!'c.H.  +  »NH.  =  CO<NH^jj^  +  CN .  NH,. 
Also  (3)  by  conducting  cyanogen  chloride  into  the  alcohols : 

CNQ  +  2C,H5 .  OH  =  CO<q"a  jj   +  C^HjO; 
and  (4)  by  the  direct  union  of  cyanic  acid  with  the  alcohols: 

CO.NH  +  CjHj.  OH  =  CO<q"^  ^  . 

When  there  is  an  excess  of  qranic  acid  employed,  allopbanic  estere  are  aUo  pro- 
dnced  (p.  403). 

The  urethanes  are  crystalline,  volatile  bodies,  soluble  in  alcohol,  ether  and  water. 
Sodium  acts  upon  their  ethereal  solution  with  the  evolution  of  hydrogen ;  in  the  case 
of  urethane  it  is  probable  that  sodium  urethane,  NHNa .  COOC^H.  (B.  23,  2785),  is 
produced.  Alkalies  decompose  them  into  CO,,  ammonia  and  alcohols.  They  yield 
urea  when  heated  with  ammonia : 

co<o"d;H,  +  NH,  =  CO<]JU|  +  C.H, .  OH. 

Conversely,  on  heating  urea  or  its  nitrate  with  alcohols,  the  urethanes  are  regen- 
erated. 

NH 
Methyl  Carbamic  Ester,  CO<q   K^  ,  methyl  urethane^  crystallizes  in  plates, 

which  melt  at  520  and  boil  at  177°.     The  ethyl  ester,  CO(NH,) .  O .  CjHj,  also  called 
urethane,  consists  of  large  plates,  which  melt  at  50^  and  boil  at  184*'.    Thit  propyl 
ester  mt\X%  at  53°  and  boils  at  I9«;<>.     The  allyl ester,  CO(NH,)  .  O .  CjH^,  is  a  solid, 
Ti**  and  boiling  at  204°. 

'ethaney  CH,.  CONH  .  COjCjH.,  is  obtained  from  acetyl  chloride  and 
t  melts  at  78*^  and  boils  at  130^  (72  nmi.).      Hydrogen  in  it  can  be  re- 
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placed  by  sodium.  Alkyl  iodides  acting  upon  the  sodium  compound  produce  :  alkylic 
acetyl  nrethanes  (B.  25,  R.  640).  When  heated  to  150^  with  urea,  acetyl  urethane 
passes  into  acetguanamide,  or  methyl  dioxytriazine,  and  with  hydrazine  it  yields  the 
triaxolones  (A.  288,  318). 

The  esters  of  these  alkylized  carbamic  acids  are  formed,  like  the  ure- 
thanesy  ^y  (<)  ^^^  action  of  carbonic  or  (2)  chlorcarbonic  esters  upon 
amines;  and  (3)  on  heating  isocyanic  esters  (p.  418)  with  the  alcohols 
to  100® : 

CO :  N .  C,H5  +  C,Hj .  OH  =  C0<^"(;  ^"^ ; 

also  (4)  by  the  interaction  of  the  chlorides  of  alkyl  urea  and  the  alco- 
hols; (5)  when  alcohols  act  upon  acidazides  (p.  163). 

Methyl  Etho-carbamic  Ester,  CH, .  HN .  CO .  O .  CjHj,  boils  at  i7o<'  (B.  a8, 

855). 

Ethyl  Etho-carbamic  Ester,  (C,H5)HN .  CO .  O .  C,H.,  boils  at  I75<*. 

Ethylene  Urethane,  C,H. .  OCO .  NHCH, .  CH,NHCO .  O .  CjH^,  from  ethy- 
lene diamine  and  C1C0,C,H5  (B.  24,  2268),  melts  at  113°. 

Derivatives  of  carbamic  acid  with  divalent  radicals  are  produced  by  the  union  of 
esters  of  the  acid  with  aldehydes : 

Ethidene    Diurethane,   CH, .  CH(HN .  CO .  O .  C,Hg)„  from    urethane    and 

scetaldehyde,  crystallizes  in  shining  needles,  melting  at  126°  C.  (B.  24,  2268). 

OH 
Chloral  Urethane,  CQ, .  ^H<t|^  ^q  q   p  ^  ,  from  urethane  and  chloral, 

melts  at  103^.  Acid  anhydrides  convert  it  into  Trichlorethidene  Urethane^  CQ,  .- 
CH :  N  .  COOCjHj,  melting  at  143**  (B.  27,  1248). 

Urethane  Acetic  Acid,  CO,H .  CH,NHCO,C,H5,  is  produced  on  evaporating 
urethane  acetic  ester,  C^H^OCO  .  CH, .  NH  .  CO^CiH.,  with  hydrochloric  acid.  The 
acid  melts  at  68^;  tbe  ester  melts  at  24.5-27^  and  boils  at  45*'  (22  mm.) ;  see  nitra- 
mine  acetic  acid,  p.  361  (B.  29, 1681). 

Nitrosouretkane^  NO .  NH .  CO,C,H.,  melts  at  51^  with  decomposition.  It  forms 
on  reducing  ammonium  nitrourethane  with  glacial  acetic  acid  and  zinc  dust  (A.  288, 

304). 

CH 
Nilrospmethyl  Urethane^  CO,C,H^N<|^q',  from  methyl  urethane  and  nitrous 

add,  is  a  liquid  which  yields  diazomethane  when  it  is  digested  with  methyl  alcoholic 
potash  (B.  28,  855). 

Nitrocarbamic  Acid,  NO, .  NH  .  CO.H,  when  liberated  by  sulphuric  acid  from  its 
potassium  salt,  surrounded  by  ice,  breaks  down  into  nitramide,  NO, .  NH,,  melting 
at  72-85^,  and  carbon  dioxide.  The  nitramide  is  extracted  by  ether.  Potassium 
Nitrocarbamate,  NO, .  NH  .  CO,K,  consisting  of  delicate,  white  needles,  is  produced 
when  methyl  alcoholic  potash  is  allowed  to  act  upon  potassium  nitrourethane. 

Nitrourethane,  N0,NHC0,C,H5,  melting  at  64®,  is  produced  when  ethyl  nitrate 
acts  upon  a  cooled  sulphuric  acid  solution  of  urethane.  It  dissolves  readily  in  water, 
and  very  easily  in  ether  and  alcohol,  but  very  sparingly  in  ligroine.  It  has  a  strong 
acid  reaction.  Its  salts  are  neutral  in  their  reaction.  Ammonium  Nitrourethane, 
NO.N(NH^)CO,C,H5.  Potassium  Nitrourethane,  NO,NKCO,C,Hj  (J.  Thiele  and 
A.  Lachmann,  A.  288,  267). 

Methyl  Nitrourethane,  NO,N(CH,)CO,C,H5,  is  a  colorless  oil  with  an  agreeable 
odor.  It  is  formed  when  methyl  iodide  and  silver  nitrourethane  interact,  and  also 
from  methyl  urethane.     Ammonia  decomposes  it  into  methyl  nitramine,  p.  171. 

Urea  Chlorides,  Carbamic  Acid  Chlorides,  are  produced  by  the 
interaction  of  phosgene  gas  and  ammonium  chloride  at  400^  (B.  20, 
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858 ;  aiy  R.  293) ;  by  action  of  COCl,  upon  the  bydrochlorides  of  the 
primary  amines  at  260-270^,  and  also  upon  the  secondary  amines  in 
benzene  solution : 

COO,  +  NH,.  HQ  =  a. CO. NH,  +  aHCL 

Urea  Chloride,  Oubunic  Add  Chloride,  Chlorcarfaonk  Amide,  Q .  COKH,, 
melts  at  50^  and  boili  at  61-62^,  when  it  dissociates  islo  hydfochloric  acid  and  iso- 
cyanic  add,  HCNO.  The  latter  partly  polymerises  to  cj^muUUe,  Urea  cfalorkle 
sufTeri  a  like  change  on  standing. 

Carbamatide^  N, .  CO .  NH,,  melting  at  97®,  is  obtained  from  semicaibaside 
.  405)  and  nitrous  add.     Water  decomposes  it  into  CO^  NH^  and  NgH  (J.  pr. 

h.  [2]  5a.  467). 
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Mono-alkyl  Urea  Chlorides: 

CI 
Ethyl  Urea  Chloride^  ^^^NH   CH  '  '^^  obtained  from  ethylisocyanate  and 

hydrochloric   acid,  boils  at  92<».      MHhyl  Urea  Chhride,  CO<^^   ^^  ,  melu 

about  90^  and  boils  at  93-94°. 

These  compounds  boU  apparently  without  decomposition,  yet  they  suffer  dissocia- 
tion into  hydrochloric  acid  and  isocyanic  acid  esters,  which  reunite  on  cooling: 

CO .  NR  -H  HCl  =  CO<^'jj j^. 

Dialkyl  Urea  Chlorides : 

Dimethyl  Urea  Chloride,  CO<^j(^"»)«,  boils  at  l67«  C. 

Diethyl  Urea  Chloride,  CO<q(^«"»)«,  is  obtained  from  diethyl  oxamic  add  by 

means  of  PCI(.     It  boils  at  190-195^ 

Deportment:  {\)  The  urea  chlorides  are  decomposed  by  water  into  CO,  and 
ammonium  chloriaes.  (2)  They  yield  orethanes  with  alcohols.  (3}  With  amines 
they  form  alky  lie  ureas  : 

<^<NH,  +  ^"»  •  N"i  =  CO<NH,"  ^"*  +  HQ. 

Nucleus- synthetic  reactions  :  (4)  With  benzene  and  phenol  ethers  in  the  presence  of 
AlCl,  they  yield  acid  amides :  COCl .  NH,  +  Z^^  =  C^H^ .  CO .  NH,  -f  HCl. 

Carbamide,  Urea,  CO<2^jj»,  melting  at  132-133**,  was  discovered 

l)y  V.  Rouelle  in  urine  in  1773,  and  was  first  synthesized  from  isocya- 

nate  of  ammonium  by  W6hler  in  1828  (Pogg,  A.  (1825)  3,  177  ; 

(1828)  za,  253).     This  was  a  brilliant  discovery,  which  showed  that 

organic  as  well  as  inorganic  compounds  could  be  built  up  artificially 

from  their  elements  (p.   17).     It  occurs  in  various  animal  fluids, 

chiefly  in  the  urine  of  mammals,  and  can  be  separated  as  nitrate  from 

concentrated  urine  on  the  addition  of  nitric  acid.     It  is  present  in 

small  quantities  in  the  urine  of  birds  and  reptiles.     A  full-grown  man 

"»on  an  average  about  30  grams  of  urea  daily.     The  formation 

l)stance  is  due  to  the  decomposition  of  albuminoid  substances. 

.'  prei)ared  artificially:   (i)  by  evaporating  the  aqueous solu- 
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tion  of  ammonium  isocyanate^  when  an  atomic  transposition  occurs 
(Wohler) : 

CO :  N .  NH4  yields  CO<^y«. 

Mixed  aqueous  solutions  of  potassium  cyanate  and  ammonium  sulphate  (in  equiva- 
lent quantities)  are  evaporated  ;  on  cooling,  potassium  sulphate  crystallizes  out  and  is 
filtered  off,  the  filtrate  being  evaporated  to  dryness,  and  the  urea  extracted  by  means 
of  hot  alcohol.  This  is  also  a  reversible  process.  On  heating  ^n  urea  solution  for 
some  time  to  loo^,  four  to  five  per  cent,  of  the  urea  will  be  changed  to  ammonium 
cyanate  (B.  ag,  R.  829). 

It  is  also  formed  by  the  methods  in  general  use  in  the  preparation 
of  acid  amides :  (2)  by  the  action  of  ammonia  (a)  upon  carbamic  esters 
or  urethanes,  (^)  upon  alkylic  carbonic  esters,  (^)  upon  fused  phenyl 
carbonate  (B.  17,  1286),  and  (//)  upon  chlorcarbonic  esters.  The 
bodies  mentioned  under  d,  c  and  d  first  change  to  carbamic  esters : 

NH, .  CO.CjH.  4-    NH,  =  NHjCONH,  +  CjH.OH 
C0{0C,H5),    -h  2NH,  =  NHjCONH,  -h  2C,H50H 
CO(OCH.),    f  2NH,  =  NH.CONH,  +  2Q,JAfin 
Cl(CO,C,Hj)  +  3NH,  =  NHjCONH,  -f  CjHjOH  -f  NH^Q. 

(3)  By  the  action  of  ammonia  upon  phosgene  and  urea  chloride  : 

COa,  4-  4NH,  =  CO(NH,),  -f  2NH.a 
CICONH,  +  3NH,  =  CO(NH,),  +  NH4CI. 

(4)  By  heating  ammonium  carbamate  or  thiocarbamate  to  130- 
140°. 

The  two  following  methods  of  formation  show  the  genetic  relation 
of  urea  with  thiourea,  cyanamide  and  guanidine : 

(5)  Potassium  permanganate  oxidizes  thiourea  to  urea.  (6)  Small 
quantities  of  acids  convert  cyanamide  into  urea: 

CN .  NH,  4-  H,0  =  CO<JJ|J«. 

(7)  Urea  is  formed  when  guanidine  is  boiled  with  dilute  sulphuric 
acid  or  baryta  water : 

NH :  C(NH,),  +  H,0  =  CO(NH,),  +  NH,. 

Urea  crystallizes  in  long,  rhombic  prisms  or  needles,  which  have  a 
cooling  taste,  like  that  of  saltpetre.  It  can  be  readily  obtained  pure 
by  one  recrystallization  from  amyl  alcohol  (B.  26,  2443).  It  dissolves 
in  one  part  of  cold  water  and  in  five  parts  of  alcohol ;  it  is  almost  in- 
soluble in  ether.  It  melts  at  132**,  and  above  that  temperature  breaks 
up  (i)  into  ammonia,  ammelide,  biuret  and  cyanuric  acid.  (2)  When 
urea  is  heated  above  100^  with  water,  or  when  boiled  with  alkalies  or 
acids,  it  decomposes  into  carbon  dioxide  and  ammonia.  The  same 
decomposition  occurs  in  the  decay  of  urine. 


1  OCUnC  CHEH15TRV. 

.    \  -r-rr  »rui  OK-xspoees  urea,  in  the  same 


-~-^Ml!  +  ^''^'  —  ^^1  +-'N»  +  '^fi- 


,'_'i  NH,),  +  3N«0Br  =  CO,  +  N,  +  aH,0  +  3N.Br. 

-v^    ike  glrCDColI,  fonn*  nysullinc  eompoiuids  with  madt,  bun  tad 
'I'uUKO  It  is  m  diunide  Jl  combiDcs  with  but  one  eqiuTalent  of  wdd  (one  of 
■  ■   -  a  Bciuraliied  by  the  crboojl  (coup). 


X-  ixteDt  of  the  decomposition  of  albuminoid  substances  in  the 
......uj  body  is  one  of  the  fundamental  questions  of  physiology.     Urea 

.  '•  arlhcmost  predominant  of  the  niirugenous  decomposition  pro- 
.Libis  -ji  albuminous  substances  in  mammalia  and  batrachia.  Its  accu 
...L  jtletminaiion  is,  therefore,  of  the  utmost  importance. 

'  hK  KjekUhl-Wiirmh  method  is  the  best  adapted  for  the  estimatioo  of  nitrogen  in 
iiv  >.uuucu  tjf  the  metabolism.  The  method  of  Liebig  may  also  be  used  for  ttie  de- 
..UUU.UIUU  of  urea.  It  coasiata  in  titrating  id  neutral  solution  with  mercuric  nitiate. 
1  Jwti  *  pieuipitale,  consisting  of  a  mixture  of  double  compounds  of  carbamide  and 
.....i.^»;  u I trale.  separate*,  together  wi lb  the  simultaneoui  liberation  of  nitric  aciil. 
'  ih.  thiH>p- llitfner  method  consists  in  decomposing  the  urea  with  «xliam  hypobro- 
u.:t;  3e«  above).  PHOger  and  bis  students  have  en tically  examined  all  methods  mg- 
,^,.vi    foi    Ibii    purpose  (compare  Arch.  f.  d.  ges.   Phyi.  11,  248;  35,  I99;  36, 

'"■•«■'■  \ 

JVlkyllo  Uttkl  are  produced  according  to  the  tame  reactions  which  yield  urea  (i) 
n  hi.u  piiiuaTy  or  secondary  amines  act  upon  isocyanic  esters  or  isocyanic  acid  : 

CO :  NH  +  NH, .  C,H(  ^  C0<  JJJj '  *^"t 
Etbyl  l?ru. 

ro   -.N.  C,H4  +  NH(C,H,),  : 


'.■0:N.C,H,  +  H,0  =  NH, . C,H,  +  CO,  » 
0 :  N .  C,H,  +  NH, .  C,H,  =  CO<JJ|| ;  5} 


F 
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^3)  By  the  action  of  caustic  alkalies  on  the  nreldes,  the  urea  derivatives  containing 
acia  radicals : 

CO<nS  :  cS:  ^"*  +  KOH  =  CO<N»J.cH.  +  CH.CO.K. 
Methyl  Acetyl  Urea  Methyl  Urea. 

Ureas  of  thb  class  are  perfectly  analogous  to  ordinary  urea  so  far  as  properties  and 
reactions  are  concerned.  They  generally  form  salts  with  one  equivalent  of  acid. 
They  are  crystalline  salts,  with  the  exception  of  those  containing  four  alkyl  groups. 
On  heating  those  with  one  alkyl  group,  cyanic  acid  (or  cyanunc  acid)  and  an  amine 
are  produced.  The  higher  alkylized  members  can  be  distilled  without  decomposition. ' 
Boiling  alkalies  convert  them  all  into  CO,  and  amines : 

(4)  By  desulphurizing  ^e  alkylic  thio-nreas  with  an  alcoholic  silver  nitrate  solu- 
tion (B.  a8,  R.  915). 

NH   CH 
Methyl  Urea,  ^0<^|^t  « *       ',  results  on  heating  methyl  aceto-urea  (from  aceta- 

mide  by  the  action  of  bromine  and  caustic  potash)  with  potassium  hydroxide.  It 
melts  at  102^. 

Ethyl  Urea,  CO<JJ|J '  ^^^  melts  at  920. 

a-Diethyl  Urea,  CO<JJ|[J  *  ^|[J*,  melts  at  1120  ^^^  y^^^  ^  263®. 

'IS 

p-Biethyl  Urea,  CO<JJJi  j^  v  ,  melts  at  7o<». 

Triethyl  Urea,  CO<JJS/^«p,  melts  at  630  and  boils  at  2230. 

Tetraetbyl  Urea,  CO<^>^»tt*\  .  boils  at  210-215**,  and  has  an  odor  resem. 

bling  that  of  peppermint. 

AUyl   Urea,  CO<J|j JJ '  ^»"*,  melts  at  85°,  and  b  converted  by  hydrogen 

CH     CH  — O 
bromide  into  propylent-^urea  (p.  404),        ' '  i ,  >C :  NH  (B.  aa,  2990). 

CH, — NH 

Diallyl   Urea,   ^0<vttt  *  ry?^  Sinapoline^  is  formed  when  allyl  isocyanic 

ester  is  heated  with  water  or  by  heating  mustard  oil  with  water  and  lead  oxide. 
Diallyl  thiourea  is  first  formed,  but  the  lead  oxide  desulphurizes  it  (p.  425).  Diallyl 
urea  melts  at  loo^. 

Ureo-etkanol,  HO .  CH, .  CH,  .  NH .  CO .  NH„  melting  at  95®,  is  obtained  from 
ozyethylamine  isocyanate  or  2-amino-ethanol  (B.  28,  R.  loio). 

Nitrosoureas  are  formed  when  nitrites  act  upon  the  nitrates  or  sulphates  of  ureas 
which  contain  an  alkyl  group  in  the  amido  group : 

Nitrosomethyl  Urea,  NH,  .  CO  .  N(NO)CH,.  Nitroso-a- diethyl  Urea,  NH(C,- 
Hj)CON(NO)C,H5,  melting  at  5**,  is  a  yellow  oil  at  the  ordinary  temperature.  The 
reduction  of  these  compounds  gives  rise  to  the  semi-carOazides  or  hydrazine  ureas, 
which  yield  alkyl  hydrazines  (p.  17 1)  when  they  are  decomposed. 

Nitro-urea,  NO,  .  NH  .  CO .  NH,,  is  produced  when  urea  nitrate  is  introduced  into 
concentrated  sulphuric  acid.  It  forms  a  white,  crystalline  powder  when  recrystallized 
from  water.  This  mells  at  higher  temperatures  with  decomposition.  It  is  a  strong 
aciti;  its  alkali  salts  are  neutral  in  reaction,  and  ex|>el  acetic  acid  from  acetates  ^A. 
a88.  281). 

Nitro  ethyl  Urea,  NO, .  NH  .  CO .  NH .  CjHg,  melU  at  I30-I3I*>. 
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Cyclic  Alkylen  Urea  Derivatives. 

The  ureas  and  aldehydes  combine  at  the  ordinary  temperature,  with 
the  exit  of  water,  and  yield  the  following  compounds: 

Methylene  Urea,  CO<^||>CH„  consists  of  white,  gnmular  oystels  (B.  29, 

2751). 

Bthidene  Urea,  CO<^^>CH.  CH„  melu  at  154^ 

Ethylene  Urea,  ^^<^t^hCH  '  i^^'"'^^'^^  ^'^^  ethidene  uree,  b  produced  on 

heating  ethyl  carbonate  to  180^,  together  with  ethylene-diamine.     Needles,  melting 
at  I3I«. 

Dimiro  ethylene  Urea,  C0<  JJ '  { JJg|j  '  ^"'. 

Trimetkylene  Urea,  C0<^ '  q^*>CH^,  melts  at  260*  (A.  232,  224). 

co<JJ«."     ' 

Ethylene  Diurea,  ^u  >C,H^,  is  produced  upon  heating  ethylene  dia- 

mine  hydrochloride  with  silver  cjanate.     It  melts  at  192®  with  decomposition. 

Verjr  little  is  known  relative  to  the  action  of  urea  upon  dialdekydes^  aldekyde- 

^.  ^  ^       NH.CH.NH 

ketones,  and  diketones :  Acetylene  Diurea,  Glyooluril,  C0<  .„    J       ^    >CO(?), 

NH  .  CH  .  NH 

is  obtained  from  glyoxal  and  urea,  as  well  as  by  the  reduction  of  allantotn  (6.  zg, 

2477). 

Nitric    acid     converts    it    into     Diniiroglycoluril,    Acetylene -dinitro-diurelne, 

Nn.CH.N(NO,) 
C0<  ,,,    \^   ^T/^T^   >C0,  decomposes  at  217®,  and  when  boiled  with  water 

NH .  CH .  N(NO,) 

NH.CH.OH 
passes  into  glycolurelne,  C0<  r  ,  isomeric  with  hydantolc  acid.     Con- 

NH .  CH , OH 

suit  B.  a6,  R.  291,  for  the  action  of  urea  upon  acetyl  acetone. 


DERIVATIVES  OP  UREA  WITH  ACID  RADICALS,  OR  UREIDBS. 

The  urea  derivatives  of  the  monobasic  acids  are  obtained  in  the 
action  of  acid  chlorides  or  acid  anhydrides  upon  urea.  By  this  pro- 
cedure, however,  it  is  possible  to  introduce  but  one  radical.  The 
compounds  are  solids;  they  decompose  when  heat  is  applied  to  them, 
and  do  not  form  salts  with  acids.  Alkalies  cause  them  to  separate  into 
their  components. 

Formyl  Urea,  NH, .  CO .  NH  .  CHO,  melts  at  167®  (B.  ag,  2046). 

Acetyl  Urea,  CO<mh  *  **  °^'  ^^^  soluble  in  cold  water  and  alcohol. 

It  forms  long,  silky  needles,  which  melt  at  214°  (A.  aag,  30).  Consult  B.  aS,  R.  63, 
for  the  metal  derivatives  of  formyl  and  acetyl  urea.  Heat  breaks  it  up  into  acetamide 
and  isocyanuric  acid.  Ckloracetyl  urea,  H-NCO.  NH  .  CO.  CH,C1,  decomposes 
nbout  1600.  Bromacetyl urea,  NH,CO.  NH  .  CO.CH-Br,  dissolves  with  difficulty 
water.     When  heated  with  ammonia  it  changes  to  hydantoln. 

fethyl  Acetyl  Urea,  CO<JJ{|  *  ci?'^'  "  obtained  from  methyl  wea  i^x>ii 
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digesting  it  with  acetic  anhydride,  and  by  the  action  of  bromine  and  potassium 
hydroxide  upon  acetamide  (p.  163).     It  melts  at  180^. 

2CH, .  CONH,  +  Br,  =  C0<JJ2 '  CH  *  ^^'  +  ^"^^- 

NH    C  H  O 
Diacetyl  Urea,  C0<^|| '  q^^  q*  results  when  COO,  acts  on  acetamide,  and 

sublimes  in  needles  without  decomposition. 

Ureides  of  Oxyacids. — Open  and  closed  chain  and  ring-shaped 
or  cyclic  ureides  are  known.  This  is  especially  true  of  a-oxyacids,  like 
lactic  acid  and  a-oxyisobutyric  acid.  As  the  open -chain  ureides  are 
obtained  from  the  closed-chain  members  by  severing  a  lactam-union 
by  means  of  alkalies  or  alkaline  earths,  therefore  the  former  will  be 
treated  after  concluding  the  cyclic  ureides,  e.g,: 

NH  .  CH,  CO^NH  .  CH, .  CO,H 

^NH .  CO  '^"<NH, 
Hydantcrfn,  Hydantolc  Acid, 

Closed-chain  Urelde  Open-chain  Urefde 

of  GlycoUic  Acid  of  Glycollic  Acid. 

Glycolyl  Urea,  CsHaNjO,,  Hydantoin,  may  be  obtained  (i)  from 
two  very  important  oxidation  products  of^  uric  acid — allantoin  and 
alloxanic  acid — by  heating  them  with  hydriodic  acid ;  synthetically 
(2)  by  heating  bromacetyl  urea  with  alcoholic  ammonia,  when  hydro- 
gen bromide  is  split  off,  and  (3)  by  the  action  of  urea  upon  dioxytar- 
taric  acid  (A.  254,  258).  It  melts  at  216^.  When  boiled  with  baryta 
water,  it  passes  into  glycoluric  or  hydantoic  acid : 

NH.CO        HO  — CO    ^^* 
^iJtH.CH,  "*"     '    ~       "^NH.CHjCO.OH. 
Glycolyl  Urea  Glycoluric  Acid. 

Nitrohydantoln,  C,H,(N03)N,0,,  is  produced  when  very  strong  nitric  acid  acts 
upon  hjdantoln.  It  melts  at  1 70°.  When  boiled  with  water  it  gives  off  CO,  and 
passes  into  nitro-amido-acetamide  (B.  aa,  R.  58). 

Glycoluric  Acid,  CyHgN^O,,  Hydantolc  Acid,  was  originally  obtained  from 
nric  acid  deriYatiYes  (allantoin,  glyco-nril,  hydantoin),  bat  may  be  synthesized  by 
heating  urea  with  glycocoll  to  120^,  or  by  digesting  glycocoU  sulphate  with  potassium 
isocyanate,  analogous  to  urea. 

Hydantolc  acid  is  very  soluble  in  hot  water  and  alcohol.  When  heated  with 
hydriodic  acid  it  yields  CO,,  NH,  and  glycocoll. 

Taurocarbamic  Acid  (see  taurine,  p.  3II). 

Hydantoin  Homohgues. — The  same  succession  of  carbon  and  nitrogen  atoms  as 
was  noticed  in  the  hydantoin  occurs  in  the  glyoxalines  or  imidazoles  (p.  321 ).  How- 
ever,  the  hydantoin  ring  is  less  stable  than  the  glyoxaline  ring.  On  replacing  the 
hydrogen  atoms  of  the  CH,-  and  the  two  NH-groups,  the  alkylic  hydantolas  are 
obtained.  They  are  known  as  a-,  )9-  and  ^-deriYatives,  and  are  represented  as 
follows : 

^  a 

NH .  CH, 
«'<NH.to 


1 

Hydantoin. 


34 
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The  ^-ftlkjlic  hydantolns  are  formed  when  nieaisfased  together  with  mooo-alkjlic 
glycocolls.     Water  and  ammcmia  are  set  free. 

^•Methyl-hydantoln,  C,lI,(CH,)N,0^  was  6nt  obtained  from  creatinine,  and 
b  also  formed  when  sarcoaine  (p.  355)  is  heated  with  urea ;  or  by  heating  Ihe  sarco- 
line  with  cyanogen  chloride  (B.  15,  21  il).    It  melts  at  157^. 

/)- Ethyl -by  dantoln,  C^H,(C,Hj)N,0,,  crystalUaes  in  rixMnbic  plates  which  melt 
at  100®  and  sublime  readily. 

The  >'-aIkylic  hydantolni  are  produced  by  the  action  of  alkalies  and  alkyl  iodides 
npon  a-hydantolns  (B.  25,  327).  The  a-deriTatives  may  be  synthesiaed  I7  heating 
the  cyanhydrins  of  the  aldehydes  and  ketones  (p.  349)  with  urea  (see  a-phenyl- 
hydantoln,  and  B.  ai,  2320)  t 

CN  CO  .  NH 

R .  CH<^^  +H,N .  CO .  NH,  =  R .  CH<^^    ^^  +  NH,. 

«-Alkyl-bydantotn. 

a-Lactyl  Urea,  C^H.N,0,,  a  Methyl -hydantoin.  It  is  fonned  from  aldehyde 
ammonia  along  with  alanine,  if  cyanide  of  potassium,  containing  potassium  iso- 
cyanate,  be  used  in  its  preparation.     It  melts  at  140-145°.     Boiled  with  baryU  it 

absorbs  water  and  forms  a-Lacturic  Acid^  ^^<^NH  *  *    '  which  melts 

*^  '^^**'  NH  —  C(CH,),      _.        ^  ,  ^  ^ 

Acctonyl  Urea,  CjH,N,0,  =  C0<  j^  „  _  ^q         ,  a-Dimethyl-hydantoin, 

is  obtained  from  acetone,  prussic  acid  and  cyanic  acid  (A.  164,  264),  as  well  as 
from  pinacolyl  sulphourea  (p.  409).  It  melts  at  175**.  Boiling  baryta  water  con- 
verts it  into  acetonyluric  acid,  H,N.  CO.  NH  .  C(CH,),  .  CO,H,  which  fuses  at 

Both  of  the  preceding  bodies  are  ureldes  of  a-oxyisobntyric  acid. 

Nitroacetonyi  Urea,  ^^"'^'^qInh^^CO,  melts  at  1400  (B.  aa.  R.  58). 

(C,HJ,C  — NH     ^ 
a-Diaikylic    HydanMns,    e.  g.,    a- Diethyl  hydantoin,  io— NH'^ 

melting  at  165**.  can  be  prepared  from  cyanacetyl  cyanide,  by  transposing  it  to 
diethylcyanacetyl  cyanide,  and  then  letting  bromine  and  caustic  potash  act  upon  the 

latter.    The  non-tangible  intermediate  product,  (C,H5),C<  j^ .  ^q«,  rearranges  itself 

into  adiethyl-hydantoln  (B.  ag,  R.  5>7)- 

P-Lactyl  Urea,  \^  ^^  ^^  ,  melting  at  275°  (B.  ag,  R.  509).  is  analogously 

*  CHj.CO.NH,         ,.      ^       ^ 

obtained  from  the  unstable  intermediate  product,  ^„     ^ :  CO     '  '^"*^°«f  *^"  ** 

action  of  bromine  and  caustic  potash  upon  succinamide. 

The  ureides  of  glyoxylic  acid,  acetoacetic  acid,  oxalic  acid,  malonic 
^ronic  acid  and  mesoxalic  acid  will  receive  attention  under 
^d  derivatives. 

rricarboxylamidc  Derivatives.  UreUies  of  Carbonic  Acid.'—Yxe^ 
or  imidodicarbonic  acid  cannot  exist.  Some  of  its  derivatives  arc 
iblc  They  sustain  the  same  relation  to  carbamic  acid  that  diglycola- 
Ars  to  glycocoU.     A  derivative  of  tricarbamidic  acid  b  known : 
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NH, .  CH,  .  CO.H             NH<^„«  *  >;^«S  N  f-CH, .  COOH 

«Ainidoacetic  Acid                     Diglycolamidic  Triglycolamidic  Acid 

Acid 

(NH.COOH)                     (NH<^°g«)  ( N^o|  ^ 

Carbamic  Acid                        Dicarbamidic  Acid,  Tricarbamidic  Acid, 

Imidodicarbonic  Acid  Nitrilotricarbonic  Acid. 


S) 


Dicarbamidic  Ester,  Imidodicarbonic  Ester,  NH(C0,C,H5) 
melts  at  50°  and  boils  at  215°.     It  results  when  ClCOtCjHj  (B.  23, 
2785)  acts  upon  sodium  urethane  (p.  394). 

AUophanic  Acid,  ^^<C>!h'  CO  H'  '^  ^^^  known  in  a  free  state.    Its  esters  are 

formed  fl)  when  chlorcarbonic  esters  (i  mol.)  act  upon  urea  (2  mols.)  (B.  ag,  R. 
589)  ;  (2)  by  leading  cyanic  acid  vapors  into  anhydrous  alcohols.  At  first  carbamic 
add  esters  are  produced  ;  these  combine  with  a  second  molecule  of  cyanic  acid  and 
yield  allophanic  esters  (B.  aa,  1572) : 

CONH  +  NH, .  CO, .  C,H5  =  NH,CONHCO,C,H5. 

From  carbamic  esters  or  mrethanes  (3)  by  the  action  of  urea  chloride  (B.  ax,  293),  or 
(4)  with  thionyl  chloride  (B.  a6,  2172) : 

2NH,C0,C,Hj  +  SOa,  =  NHjCONH .  COjCjH^  +  HQ  +  SO,  +  CiHgCl. 

Ethyl  AUophanic  Ester,  NH, .  CO .  NH .  CO, .  C-H^,  melts  at  190-191®.  The 
propyl  ester  melts  at  155°.     The  atnyl  ester  melts  at  102°. 

The  allophanic  esters  dissolve  with  difficulty  in  water,  and,  when  heated,  split  up 
into  alcohol,  ammonia  and  cyanuric  acid.  The  allophanates  Jire  obtained  from  them 
by  means  of  the  alkalies  or  baryta  water.  They  show  an  alkaline  reaction  and  are 
decomposed  by  carbonic  acid.  On  attempting  to  free  the  acid  by  means  of  mineral 
acids,  it  at  once  breaks  up  into  CO,  and  urea. 

CyAiiamido-carbonic  Acid,  ^0<qtt  *  ,  Cyancarbamic  Acid,  is  the  corre- 
sponding nitrile  acid  of  allophanic  acid.  Its  salts  are  formed  by  the  addition  of  CO, 
to  salts  of  cyanamide : 

2CN .  NHNa  +  CO,  =  CO<q|J|[*^  *  ^^  -f  CN  .  NH,. 

The  esters  of  this  acid  result  by  the  action  of  alcoholic  potash  upon  esters  of  cyan^ 

amido-dicarbonu  acid,  CN  .  N<^pQ  *  p*jj*« 

NH 
Biuret,  CO<^|^,j'  p^   -^^rvt   +  H,0,  AUophanamide,  is  formed  on  heating  the 

allophanic  esters  with  ammonia  to  100°,  or  urea  to  150-160° : 

*CO<nII:  =  ^°<NH.CO.  NH.  +  NH.. 

It  is  readily  soluble  in  alcohol  and  water,  and  crystallises  with  I  molecule  of 
water,  in  the  form  of  warts  and  needles.  When  anhydrous,  biuret  melts  at  190°, 
and  decomposes  further  into  NH,  and  cyanuric  acid.     The  aqueous  solution,  con- 
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taining  KOH,  is  colored  a  violet  red  by  copper  sulphate  (B.  ag,  298 ;  R.  5^)* 
Heated  in  a  current  of  HCl,  biuret  decomposes  into  NH,,  CO,,  cyanuric  add,  urea 
and  guanidine. 

Carbamin  cyanide.  Cyan-urea,  NH, .  CO .  NH  .  CN,  the  half  nitrile  of  biuret,  is 
formed,  like  urea,  from  guanidine,  as  well  as  from  cyan-guanidine  or  dicyandiamide 
(p.  414),  by  action  of  baryta  water,  and  when  digested  with  mineral  adds  yields 
biuret  (B.  8,  708).     See  B.  25,  820,  for  alkylic  cyan-ureas. 

Carbonyl  Diurea,  CjHjN^O^,  is  formed  on  heating  urea  with  COG^  to  loo®.  It 
is  a  crystalline  powder,  not  readily  dissolved  by  water.  Heat  converts  it  into  ammo- 
nia and  cyanuric  acid  (p.  419)  (B.  29,  R.  589). 

Cyanamidodicarbonic  Ester,  CN .  N(CO,C,H5)„  a  derivative  of  amidotricarbonic 
acid,  N(C0,H)3,  not  capable  of  existing,  is  formed  when  chlorcarbonic  esters  act 
upon  sodium  cyanamide  (J.  pr.  Ch.  [2]  x6,  146). 

Derivatives  of  Imidocarbonic  Acid. — The  pseudo-forms, 
imidocarbonic  acid  and  pseudo-urea,  correspond  to  carbamic  acid  and 
urea: 

NHj.COOH  NH:C(OH),  CO(NH,),  NH:C<q^ 

Carbamic  Acid  Imidocarbonic  Acid  Urea  iM^rea. 

These  modifications  are  not  known  in  a  free  state,  but  many  deriva- 
tives may  be  referred  to  them. 

Imidocarbonic  Ester,  HN  :  C(0 .  C,Hj)a,  boiling  at  62°  (36  mm.), 
is  produced  by  reducing  chlorimidocarbonic  ester  (B.  ig,  862,  2650) 
and  from  di-imido-oxalic  ester  (p.  438)  by  the  action  of  alcoholic 
sodium  ethylate  (B.  28,  R.  760).  At  200^  it  breaks  down  into  alcohol 
and  cyanuric  ether  (B.  28,  2466). 

Ethyl  Itnidochlorcarbonic  Ester,  C^HsN :  CCl(OC,Hj),  boiling  at 
126°,  is  formed  by  the  union  of  ethyl  isocyanide  (p.  237)  with  ethyl 
hypochlorite  (B.  28,  R.  760). 

Chlorimidocarbimic  Ethyl  Ester,  CIN :  C(0  .  CjHg),,  melting  at  39°,  and  the  methyl 
ester,  melting  at  20°,  are  produced  in  the  action  of  esters  of  hypochlorous  acid 
(p.  147)  upon  a  concentrated  potassium  cyanide  solution.  They  are  solids,  with  a 
peculiar  penetrating  odor,  and  distil  with  decomposition.  Alkalies  have  little  effect 
upon  them,  while  acids  break  them  up  quite  easily,  forming  ammonia,  esters  of  car- 
bonic acid  and  nitrogen  chloride. 

Bromimido-carbonic  Ethyl  Ester,  BrN :  C(0C,H5),,  melting  at  43**,  results  when 
bromine  acts  upon  imidocarbonic  ester  (6.  28,  2470). 

CH,— O       ^ 

Derivatives   of  V- Urea. — Ethylene -pseudo- Urea,  JLu  _^wt^^  •  ^^^»    ^ 

CH,— 0\ 
I  jX^'  N^J'  i^  produced  by  the  action  of   hrom-ethylamine  hydrobromide 

upon  potassium  cyanate.     It  is  a  basic  oil,  which  solidifies  with  difficulty. 

Propylene-V'-Urea,  CjH, :  CON^H,,  results  from  HBr-propylamine  and  potassium 
cyanate,  as  well  as  from  ally  I  urea,  by  a  molecular  rearrangement  induced  by  hydro- 
bromic  acid  (H.  22,  2991). 

Diamide-  or  Hydrazine,  and  Di-imide  Derivatives  of  Carbonic  Acid. — 
Hydrazine  Carbonic  Ester,  NH,  .  NH  .  CO,  .  C,H5,  is  formed  by  redacing  nitro- 
urethane  with  zinc  and  acetic  acid.  Its  benzal  derivative,  CgH^.  CH:  N.  NH.- 
CO, .  CjH^,  melts  at  135«  (A.  288,  293V 
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Semicarbazide,  Carbamic  Hydrazide,  Nil, .  CO .  NH .  NH„  melting  at  tfi^y  is 
fonned  (l)  by  heatmg  urea  and  hydrazine  hydrate  to  loo*'  (J.  pr.Ch.  [23,52,  465); 
(2)  from  hydrazine  sulphate  and  potassium  cyanide ;  ^3)  from  amido-guanidine  (d. 
37,  31,  56) ;  (4)  from  nitro-urea  (A.  288,311).  With  benzaldehyde  it  yields  bental- 
iemicarba%ide,  NH, .  CO .  NHN  =  CH .  C^Hg,  melting  at  214®.  Acetone  Semicar- 
baume,  NH,.  CO.  NH  .  N  :C(CH,)„  melting  at  \%^^,  passes  into  bisdimethylazi- 
methylene  (p.  220)  (B.  29,  611). 

AcetoaceHc  Ester  Carbatone,  NH, .  CO .  NH  .  N :  C(CH,)  .  CH, .  C0,C,H5,  melt- 
ing at  129*'  (A.  283,  18),  readily  passes  into  a  lactazam.  Semicarbazide  condenses 
with  benzil  to  i.2-diphenyl  oxytnazine.  Semicarbazide  is  a  reagent  for  aldehydes 
and  ketones. 

Carbohydrazide,  NH, .  NH  .  CO .  NH .  NH,,  melting  at  1 5 2-1 53^  is  obtained  from 
carbonic  ester  and  hydrazine  hydrate  on  heating  to  100^  (J.  pr.  Ch.  [2]  52,  469). 
Dibenud  Carbohydrazide,  CO(NH .  N  =  CH .  C^H^),,  melts  at  I98<>. 

Hydrato-dicarbonic  Ester ^  Hydrazi- carbonic  Lster,  C,H50  .  CO .  NH .  NH  .  CO  .- 
O .  C,Hj,  melting  at  130^,  boils  with  decomposition  about  250®,  and  is  prepared  from 
hydrazine  and  CI .  COjCjH^  (B.  27,  773;  J.  pr.  Ch.  [2!  52,  476). 

Hydrazo'duarbenamidey  Hydrazo-formamide,  NH, .  CONH  .  NH  .  CONH,, 
melts  with  decomposition  at  244-245^.  It  is  oUained  from  potassium  cyanate  and 
salts  of  diamide  or  hydrazine :  NH, .  NH,.  It  also  results  upon  heating  semicarba- 
zide (B.  27,  57),  and  from  Azodicarbonamide,  NH,  .  CON  =  N  .  CONH,,  by 
reduction.     It  yields  the  latter  upon  oxidation  (A.  271,  127 ;  B.  26,  405). 

Cyclic  Hydrazine   Derivatives  of  Urea. — Urazole,  Hydrazo-dicarbonimide, 

NH.CO 

I  >NH,  melting  at  244^,  forms  on  heating  hydrazo-dicaibonamide  to  200° 

NH .  CO 

(A.  283.  16),  or  from  urea  and  hydrazine  sulphate  heated  to  120°  (B.  27,  409).    See 

also  triazole.     It  is  a  strong,  monobasic  acid. 

Methylene  Carbohydrazide,  C0<^2  *  ^H^^^'  melting  at  iSl**,  is  produced  on 

heating  carhohydrazide  with  orthoformic  ester  to  100°  (J.  pr.  Ch.  [2],  52,  475). 

NH     NH 
Diurea,  Bishydrazine  Carbonyl,  CO<JJg  '  ^jj^^^'  melting  at  270®,  is  fonned 

from  hydrazine  carbonic  ester  and  hydrazine  hydrate  at  lOcP  (B.  27,  2684;  J.  pr. 
Ch.  [2],  5a,  482). 

Azodicarbonic  Acid,  Azoformic  Acid,  CO,H  .  N  =  N .  CO,H.  Its  potassium 
salt  explodes  when  heated  above  100°.  It  consists  of  small  yellow  needles.  It  is 
formed  when  azodicarbonamide.is  boiled  with  concentrated  caustic  potash.  It  readily 
decomposes  in  aqueous  solution,  giving  off  CO,,  potassium  carbonate,  diamide  and 
nitrogen.  The  isolation  of  the  unknown  di-imide  NH  =  NH,  present  in  it,  has  not 
yet  proved  successfril.  The  diethyl  ester,  boiling  at  106^  (13  mm.)  is  an  orange- 
yellow-colored  oil,  and  is  formed  when  nitric  acid  acts  upon  the  hydrazoester. 

Azodicarbonamide J  Azoformamide,  NH,CON  =  NCONH,,  is  an  orange-red- 
colored  powder.  It  is  produced  (l)  on  oxidizing  hydrazodicarbonamide  with  chromic 
acid;  (2)  by  boiling  the  aqueous  solution  of  the  nitrate  of  oMdicarbonamidine^ 
NH,  NH, 

^X>-N  =  N-C/  (p.  415). 

NH  ^  ^NH 

N  :  C(SO,K), 

Potassium  Azimethane  Disulphonate ,  t!t    nf  r\        '  ^^s^*  ^  fonned  on  boiling 

potassium  dtazometkane-disulphonate,    11  >C(SO,K),,  in  xylene  solution.     Orange- 

N 
yellow-colored  needles,  which  result  when  a  solution  of  potassium  nitrite  acts  upon 
primary  potassium  amino-methane  disulphonate,  NH, .  CH(SO,K), — the  addition 
product  of  prussic  acid  and  monopotassium  sulphite  (B.  29,  2161). 

Hydrozylamine  Derivatives  of  Carbonic  Acid. — Oxyurethane,  HO .  NH . « 
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CX)| .  C^H^  or  HON :  C<Cqh       ^,  is  a  colorless  liquid.    It  is  prodaced  when 

hydroxy lamine  solution  acts  upon  chlorcarbonic  ester  (B.  27,  1254). 

Hydroxyl  Urea,  NH, .  CO .  NH  .  OH,  melting  at  128-I  jo*>,  dissolves  readily  in 
water  and  alcohol,  but  with  difficulty  in  ether.  It  is  obtained  from  bydroxylamine 
nitrate  and  potassinm  isocyanate  (A.  i8a,  214). 


8ULPHUR.CONTAININO  DERIVATIVES  OP  CARBAM IC  ACID  AND  OP  URBA. 

The  following  compounds  correspond  to  urethane  and  urea : 

CO<s"fl.         CS<S"(!iH.  CS<s5l.  CS<NH.orNH:C<^« 

Tbiocarbamic         Sulphocarbamic         Ditbiocarbamic  Sulpbourea. 

Ester  Ester  Ester 

Many  reactions  of  sulpbourea  indicate  that  its  constitution  is  prob- 
ably best  expressed  by  a  formula  analogous  to  one  of  the  non  existing 
pseudo- forms  of  urea. 

OH 
ImU^-ihiocarbamic  Acid,  NH :  C<q«,  ,  is a&  hypothetical  acid.    Its  deriYatiTcs  are 

all  of  the  aromatic  series  (see  phenyl-isothio-urethane),  unless  the  alkylic  deriYatives 
of  thiocarbamic  acid  are  to  be  referred  to  this  pseudo-form. 

NH 

Thiocarbamic  Acid,  Carbamine  Thiol  Acid,  CO<gj^',  is  not  known  in  the  free 

state.  Its  ammimimm  salt  is  prepared  by  leading  COS  into  alcoholic  ammonia  (A. 
*^S«  173)*  It  is  a  colorless,  crystalline  mass,  which  acquires  a  yellow  color  00  ex- 
posure to  the  air,  owing  to  the  formation  of  ammonium  sulphide.  When  heated  to 
150°  it  breaks  up  into  hydrogen  sulphide  and  urea. 

The  fftetAy/  ester,  NH,  .  CO .  S .  CH„  melting  at  95-98®,  and  the  ethyl  ester,  melt- 
ing at  108®,  are  obtained  by  conducting  hydrochloric  acid  gas  into  a  solution  of  CNSK 
(or  of  alkyl  sulphocyanates — B.  19,  I083)  in  alcohols  (together  with  esteis  of  sulpho- 
carbamic acid — J.  pr.  Ch.,  [2]  x6,  358) ;  and  by  the  action  of  ammonia  npon  the 
dithiocarbonic  esters  and  chlorthioformic  esters. 

These  are  crystalline  compounds  which  dissolve  with  difficulty  in  water. 

Ethyl  Ethosulphocarbamic  Ester,  C^Hg.  NH.  CO.  S.  CjHj,  boils  at  204-2o8«. 
It  results  from  the  union  of  ethyl  isocyanate  with  ethyl  mercaptan. 

Sulphocarbamic  Acid,  Xanthogenamic  Acid,  NH,CSOH,  is  known  in  its  alkyl 
compounds. 

The  esters  of  aulphocarbamic  acid — thiourethanes,  the  xanthogenamides — are 
formed  when  alcoholic  ammonia  acts  upon  the  xanthic  esters  (p.  391) : 

CS<S:  §1"'  +  NH,  =  CS<NH^jj^  +  CH,.  SH. 

The  ethyl  ester  of  sulphocarbamic  acid  is  slightly  soluble  in  water  and  melts  at 
38®.  The  mithyl  ester  melts  at  43®.  It  is  slightly  soluble  ih  water.  Both  esters 
decompose  into  mercaptans,  cyanic  acid  and  cyanuric  acid  on  heating.  Alcoholic 
alkalies  decompose  them  into  alcohols  and  thiocyanates. 

The  esters  of  alkylic  sulphocarbamic  acids  are  obtained  when  the  mustard  oils  are 
heated  to  1 10®  with  anhydrous  alcohols : 

CS  :  N .  CjHj  -f  CjHj .  OH  =  CS<q"^^«"». 

quids  with  an  odor  like  that  of  leeks,  boil  without  decomposition  and 
ilcohols,  C0„  H,S  and  alkylamines,  when  acted  upon  with  alkalies  or 
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acids  Ethyl  Sulphocarbamic  Ethyl  Ester,  C^Yi^ .  NH  .  CS .  O .  C,H^,  boib  at  204<»- 
2o8«.  Allyl  Sulphocarbamu  Ethyl  Ester,  CjHj .  NH  .  CS .  O .  C,Hj,  from  allyl 
mustard  oil«  boils  at  2io^->2i5<'. 

DithiocarbamU  Acid,  NH,  .  CS.  SH  or  NH  ^  C(SH),,  is  obtained  as  a  red  oil 
apoD  decomposing  its  ammonium  salt  with  dilate  sulphuric  acid.  It  readily  breaks 
down  into  sulphocyanic  acid,  CN .  SH,  and  hydrogen  sulphide.  Water  decomposes 
it  mto  cyanic  acid  and  2H,S.  Its  ammonium  salt,  NH, .  CS .  SNH^,  is  formed  when 
alcoholic  ammonia  acts  upon  carbon  disulphide.  It  consists  of  yellow  needles  or 
prisms.     It  yields  mercaptothiazoUs  with  a-halogen  ketones  (B.  a6,  R.  604). 

The  dithiourethanes  are  the  esters  of  the  above  acid.  They  arise  when  the 
thiocyanic  esters  are  heated  with  H,S  (compare  phenyl  dithiocarbomic  acid) : 

N  =  C.  S.  CjHj  +  H,S  =  CS<^^y  . 

They  are  crystalline  compounds,  soluble  in  alcohol  and  ether,  and  are  decomposed 
into  anmionium  thiocyanate  and  mercaptans,  when  treated  with  alcoholic  ammonia. 

The  ethyl  ester  melts  at  41-42''  and  iki^  propyl  ester  at  97^. 

Alkyl'dithioearbamic  Acids. — The  amine  salts  of  these  compounds  are  obtained  on 
heating  CS,  with  alcoholic  solutions  of  the  primary  and  secondary  amines : 

CS.  +  ^H. .  NH.  =  CS<NH  ^^H^^„^j. 

When  the  amine  salts  of  ethyl-dithiocarbamic  acid  are  heated  to  1 10^,  dialkylic 
thio-ureas  are  produced  (p.  408) : 

'^^^S .  (NH, .  C,H5)  —  ^^<NH  .  C,H.  +  ".5> 
•  Diethyl  Tbiocarbamide. 

If  the  aqueous  solution  of  the  salts  obtained  from  the  primary  amines  be  digested 
with  metallic  salts,  e,g.,  AgNO,,  FeCl,  or  HgCl,,  salts  of  ethyl-dithiocarbamic  acid 
are  precipitated : 

CS<S(5if .'JiH.)+  A«NO,  =  CS<NH-  «=•"»  +  (NH..C.H,)NO,. 

These  yield  the  mustard  oils,  or  isothiocyanic  esters,  when  boiled  with  water  (p  423). 

The  salts  obtained  from  the  secondary  amines  do  not  yield  mustard  oils  (B.  8, 
107). 

Carbothialdine,  NH,CSSN(CH .  CH,),,  is  produced  by  heating  ammonium  dithio- 
carbamate  together  with  aldehyde.  It  is  also  produced  on  mixing  CS,  with  alco- 
holic aldehyde-ammonia  (B.  zx,  I383).  It  consists  of  large,  shining  crystals,  and 
when  boiled  with  acids  decomposes  into  ammonia,  carbon  disulphide  and  aldehyde. 

Thiourea,  Sulphocarbamide,  CS<JJy»,  orNH:C<g^«,  melting 

at  172^,  is  obtained  (as  first  observed  by  Reynolds  in  1869 — A.  150, 
224)  by  heating  ammonium  thiocyanate  to  170-180^  (A.  179,  113), 
when  a  transposition  analogous  to  that  occurring  in  the  formation  of 
urea  takes  place  (p.  397).  This  synthesis,  however,  does  not  proceed 
with  ease,  and  is  never  complete,  because  at  160-170^  sulphourea  is 
again  changed  to  ammonium  sulphocyanate : 

CS :  N .  NH^ — >-  CS<JJ2« . 

Sulphourea  is  also  produced  by  the  action  of  hydrogen  sulphide  (in 
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presence  of  a  little  ammonia)  or  ammonium  thioqyanate  upon  cyan- 
amide  (B.  8,  26) : 

CN .  NH,  +  SH,  =  CS<JJJJ«. 

Sulphocarbamide  crystallizes  in  thick^  rhombic  prisms,  which  dis- 
solve easily  in  water  and  alcohol,  but  with  difficulty  in  ether ;  they 
possess  a  bitter  taste  and  have  a  neutral  reaction. 

Transpositions:  (i)  When  sulphocarbamide  is  heated  with  water  to 
140^  it  again  becomes  ammonium  thiocyanate.  (2)  If  boiled  with 
alkalies,  hydrochloric  acid  or  sulphuric  acid,  it  decomposes  accord- 
ing to  the  equation  : 

CSN.H^  -h  2H,0  =  CO,  -H  2NH,  +  H,S. 

(3)  Silver,  mercury,  or  lead  oxide  and  water  will  convert  it,  at  ordinary 
temperatures,  into  cyanamide,  CN,H, ;  and  on  boiling  into  dicyandi- 
amide  (p.  414).  (4)  KMnO*  converts  it,  in  cold  aqueous  solution, 
into  urea.  (5)  In  nitric  acid  solution,  or  by  means  of  H,0,  in  oxalic 
acid  solution,  salts  of  a  disulphide,  NH, .  C  =  (NH)S  —  S(NH)  = 
C .  NH,,  not  known  in  a  free  state,  are  produced  (B.  24,  R.  71).  See 
B.  25,  R.  676,  upon  the  condensation  of  thiourea  with  aldehyde 
ammonias.  Sulphourea  condenses  with  a-chloraldehydes  and  a-chlor- 
ketones  to  amidothioazoUs.  It  yields  aromatic  glyoxaline  derivatives 
when  heated  with  benzoin. 

Constitution. — The  behaTior  of  thiourea  when  oxidized  in  acid  solution  and 
certain  other  reactions  rather  support  the  formula  NH :  C-^m*  '  instead  of  the  di- 
amide  formula  (compare  J.  pr.  Ch.  [2]  47,  135).  Possibly  free  thiourea  possesses  the 
symmetrical  formula,  while  its  salts  are  derived  from  the  pseudo-fortn  NH  :  C<^m|  ' 

(p.  54). 

Thiourea  combines   with    I    equivalent  of   acid   to  form  salts.      The   nitrtite^ 

CSN,H^.  HNO.f,  occurs  in  large  crystals.     Auric  chloride  and   platinic  chloride 

throw  down  red -colored  double  chlorides  from  the  concentrated  solution.     Silver 

nitrate  precipitates  CSN,H^NO,Ag  (B.  24,  3956;  B.  25,  R.  583).     For  the  cun- 

stitution  of  these  metallic  salts  see  B.  17,  297. 

Alkyl  SuIphocarbamideSf  in  which  the  alkyl  groups  are  linked  to  nitrogen,  are 
produced — 

(i)  On  heating  the  mustard  oils  with  primary  and  secondary  amine  bases  (A.  W. 
Hofmann,  B.  x,  27)  : 

CS :  N .  C,Hj  -f-  NH,  =  CS<^|J  *  ^"» 

Ethyl  Sulphocarbamide 

NH, .  CjH^  +  CS :  N .  CjHj  =  NHC,H.CSNHC,H, 

Sym.  Diethyl  Sulphourea 

NH(C,H5),  -h  CS :  N .  C,Hj  =  N(C,H5),CSNHC,Hg 

Triethyi  Sulphourea. 

(2)  By  heating  the  amide  salts  of  the  alkyl  dithiocarbamic  acids  (B.  i,  25) 
(p.  407) : 

^^^S(NH^.  CjHj)  —  ^^^NH .  C,H^  "»"  "«^ 
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Ethyl  Sulphocarbamide,  CS<^[[  '  ^    ^  melting  at  113'',  dissolves  readily  in 

water  and  alcohol. 

Sym.    Diethyl  Sulphocarbamide,  CS< JJ|J '  ^JJ*,  melts  at  77<».      Unsym. 

Dieikylthiourea  melts  at  169®.  Truthylthiourea  melts  at  26°  and  boils  at  205®. 
MoHonuikyUhiourea  melts  at  119^.  Sym.  Dimethylthiourea  melts  at  61°  (B.  24, 
2729;  28,  R.  424).  Unsym.  Dimethylthiourea,  NH,CSN(CH,),,  melts  at  159® 
(B.  26,  2505).     Fropylthiaurea,  see  B.  23,  286 ;  a6,  R.  87. 

AUyl  Sulphocarbamide,   CS<^5*^^*,    Thiosinamine,  is  formed  by  the 

nnioo  of  allyl  mustard  oil  with  ammonia  (p.  425). 

It  melts  at  74^.  It  is  readily  soluble  in  water,  alcohol  and  ether.  Allyl  cyana- 
mide  and  triallyl-melamine  are  produced  on  boiling  with  mercuric  oxide  or  lead 
hydroxide  (p.  427).  Hydrogen  bromide  changes  it  to  propylene -pseudothiourea 
(comp.  29,  R.  684). 

Transformations  of  the  Alkyl  Sulphoureas, 

( 1 )  Tlie  sulphocarbamides  regenerate  amines  and  mustard  oils  by  distillation  with 
P,0},  or  when  heated  in  HCl-gas : 

^^<NHi§Hj)  =  CS  :  N .  Z^Yi^  -f  NH, .  C,H,. 

(2)  The  sulphur  in  the  alkylic  sulphocarbamides  may  be  replaced  by  oxygen  if 
these  compounds  are  boiled  with  water  and  mercuric  oxide  or  lead  oxide.  'I  hose 
that  contain  two  alkyl  groups  yield  the  corresponding  ureas : 

CS<nII  :  §11:  +  HgO  =  CO<^H  .  ^H.  +  HgS ; 

whereas  the  mono-derivatives  pass  into  alkylic  cyanamides  (and  melamines)  after 
parting  with  hydrogen  sulphide  (pp.  393,  394). 

CS<^2  •  ^"ft  =  N  :  C .  NH  .  CjH,  -f  SH,. 

(3)  On  digesting  the  dialkylic  sulphocarbamides  with  mercuric  oxide  and  amines, 
oxygen  is  exchanged  for  the  imid-group  and  guanidine  derivatives  appear  (p.  41 1) : 

.NH.C.H.  vNH.CH. 

CS<  +NH,.C,H,  H-HgO  =  C=N.C,ri.     +  HgS  +  H,0. 

^NH .  CjHj  \NH  .  CjHj 

Consult  B.  23,  271,  upon  the  constitution  of  the  dialkylic  sulphocarbamides. 

NH 

Ethylene  Sulphocarbamide,  CS<^tt>C,H^,  is  obtained  from  ethylene-diam- 
ine and  carbon  disulphide  (B.  5,  242).    It  melts  at  195^. 

Pinacolyl  Sulphocarbamide,  Tetramethyl-ethylene-sulphocarbamide,  Carbothiace- 
tonine,  CS[NHC(CH,),],,  melts  at  240-243°, and  is  formed  by  the  action  of  ammonia 
upon  carbon  disulphide  and  acetone  (B.  29,  R.  669). 

Derivatives  of  Pseudosulphocarbamide. — In  the  preceding  derivatives  (immaterial 
whether  they  are  derived  from  the  sym.  or  unsym.  sulphocarbamide  formula)  the 
alkyl  groups  Were  in  all  cases  joined  to  nitrogen,  whereas  the  compounds  about  to 
be  described  must  be  considered  as  derivatives  of  pseudosulphocarbamide. 

The  alkylic  pseudostUphocarbamides  result  upon  the  addition  of  alkyl  iodides  to 
the  thioureas.  The  alkyl  groups  contained  in  them  are  united  with  sulphur  because, 
when  they  are  acted  upon  with  ammonia,  they  are  changed  to  gnanidines  and  mer- 
capCans  (B.  xx,  492 ;  23,  2195). 
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Mkylea  Derfvatlvea  of  PKudovuIphonrea. 

Ethylene -pMudothiouiea,  NH.C<  ■    ^  v,  nuwe  probaUj, 

/S— CH, 
NH,C^         1      ,  ii  obtmined  &x>m  HBr-elhjleaeaimae  tad  poUuiam  thiocraoilc 

It  b  ■  bue  with  ttroog  buic  ptoperUes.  Iti  ulti  c>7St>llize  well.  It  melts  at  85° 
(B.  as,  1141,1984;  »4.i6o) 

Profirlene-psendotbiouTea,  C,K,  1  CSN,H,,  from  bnHnpropyluDiDe  and  potu- 
tium  thjoqruiate,  i*  petfectlj  Hmllar.  It  aUo  tetull*  froot  alljl  thiourea  b;  acticHi  of 
hi^robromic  acid : 

CH,_CH  ■±J!;!L^.CH..CaB,       -""     >    CH.CH-S. 

(iH^H.CSNH,  iH,NH.CSNH,  iUr-S^  ""^ 

Acetyl  PaendMuIphocMbamlde,  HN  =  ^<s  r.H.O  "  "'"'^'^  ^o*" 
thiourea  by  heatiag  it  with  acetic  aohjdiide  ;  also  from  cjianamide  (carbodilmide,  p. 
416)  and  thioacetic  acid.  This  second  method  argues  for  the  compound  being  a 
derintiTC  of  pseudoanlphocarbamide.     li  melts  at  165°. 

NH  .CO 

Ptcndotbio-,  or  -sulpbo-hydantala,  HN:C<  j     ,  U  obuioed  wiien 

cbloraceiic  add  (A.  166,  3S3)  acts  on  (alpbocacbainidc,  and  wai  formeTly  thought 
to  be  the  real  thiobjdantotD,  CS<  1      ,     Howerer,  its  ronnation  from  cyan- 

amide  and  thioglycollic  acid  and  its  decomposition,  wheo  boiled  with  Iwryta  water, 
into  thitflycollic  acid  and  dicyandiamlde  prove  that  it  ii  a  psendosulpbocubamide 
deriTative,  which  contains  the  ring  (p.  433)  occurting  in  thiaiole  compoonds  (B.  la, 
1385. 1588). 

Pseudoaalphohydantoln  cryUallues  boa  hoi  water  in  long  needles,  and  deoom- 
poMs  neai  aoo  .  NH  .  CO 

Bwlin^  adds  conTert  it  into  muitard-ti/  atttic  acid,  CO<[j^ 1      ,  mth  elinu- 

aation  of  NH|. 

Hydruine  Derivatives  of  Thiocaibonic  Acid. 

DiammatUMm  DUkiecarbatimilt,  NH, .  NH  .  CSSNH, .  NH„  melting  at  I24^  is 
fwmed  when  hydraijne  hydrate  acts  upon  OS,  (B.  ig,  R.  233).  HydnaodUarbemthi- 
amidi,  NH.CS .  NH  .  NH  .  CS .  NH„  melting  at  114",  is  foimed  on  boiling  a  solution 
of  hydraiioe  sulphate  with  ammonium  sulphocyanide  (B.  16,  2S77),  with  the  simnltane- 
ons  Drodnction  of  Thinstmuariatidi,  NH,  .  NH  .  CS  .  NH,.  melting  at  181-183"  (B- 
aS  0481.  MitiyI  Ikitntmicariatidt.  CH,  .  NH  .  CS  ,  NH  ,  NH,,  melting  at  137". 
and  ^Lithyl  ihUsmUarbatUt,  CH, .  NH  .  CSNH  .  NHCH,,  melting  at  138',  are 
fitrmed  fiom  methylene  raastsrd  oil,  hydrazine  and  methyl  hydraanc  (B.  ag,  2920). 
Ji^^auuiuoiboi  lki,^tyiamidi,  C,H^H  .  CSNH  .  NH.  CSNHC,H,  (B.  ag,  859). 


Imthvl  thmtmi<arhaude,C'A..ii)A.  1  \\        .meltingat  ■67'>,comlHnes 

'       ^  t :  S-CHO 

vtrt  chloride  to  JUaiyl  iimdolhifduaeliiu,  CH, ,  NH  .1  |     ,   melti 

^  CS.— CH 


(B.  ay,  632). 
ihuraialt,  1.     '    ,  >NH,  melts  at  about  245'  with  decomposiiii 
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formed  on  heating  hydiazodicarbonthiamide  with  hydrochloric  acid.      The  hydro- 

chloride  of  imidothiourazole,  i  >NH,  is  produced  at  the  same  time 

NH  .  C(NH)  ^ 

(B.  as,  949). 


QUANIDINB  AND  ITS  DERIVATIVES. 

Guanidine  is,  upon  the  one  hand,  very  closely  related  to  orthocar- 
bonic  ester,  urea  and  sulphocarbamide,  and,  upon  the  other,  to  cyana- 
mide  (p.  426).  The  carbonic  acid  derivatives  just  mentioned  are 
united  by  a  series  of  reactions.  Guanidine  belongs  to  the  amidines, 
and  may  be  regarded  as  the  amidine  of  amidocarbonic  acid  : 

NH..  C/NH.  NH.   C/NH.  NH.q/NH. 

Urea  Sulphocarbamide  Guanidine. 

The  pseudo-forms  of  urea  and  thiourea — 

HO.C/N".  HS.C/NH. 

(Pseudourea)  (Pseudosulphocarbamide) . 

known  in  the  form  of  various  derivatives,  are  the  amidines  of  carbonic 
and  thiocarbonic  acids. 

Guanidine,  HN  :  C<^^*,  was  first  obtained  (A,  Strecker,  i86r) 

by  the  oxidation  of  guanine  (a  substance  closely  related  to  uric  acid, 
and  found  in  guano)  with  hydrochloric  acid  and  potassium  chlorate. 
It  is  found  in  certain  seeds  and  in  beet-juice  (B.  29,  2651).  It  is  also 
important  as  the  substance  from  which  creatine  is  derived.  It  is 
formed  synthetically  (i)  by  heating  cyanogen  iodide  and  NH,,  and 
from  cyanamide  (p.  426)  and  ammonium  chloride  in  alcoholic  solu- 
tion at  100°: 

.NH, .  HQ 
CN .  NH,  +  NH, .  HCl  =  H,NC< 

^NH. 

This  is  analogous  to  the  formation  of  formamidine  from  HCN. 
(2)  It  is  also  produced  by  heating  chloropicrin  or  (3)  esters  of  ortho- 
carbonic  acid,  with  aqueous  ammonia,  to  150^ : 

€C1,(N0,)  +  3NH,  =  NH,C^^[J'  +  3HCI  -f  NO,H 

C(0.  C,H,),  +  3NH,  =  NH,C^JJJJ"  +  4C,H,0H. 

(4)  It  is  most  readily  prepared  from  the  sulphocyanate,  which  is  made  hy  prolonged 
heating  of  ammonium  sulphocyanate  to  180-190°,  and  the  further  transposition  of  the 
thio-mea  that  forms  at  first  (B.'7,  92) : 

2||«JJ>CS  =  h*5J>C  .  NH .  CNSH  +  H,S. 
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The  crystals  of  guanidine  are  very  soluble  in  water  and  alcohol,  and 
deliquesce  on  exposure.     Baryta  water  changes  it  to  urea. 

Salts. — It  is  a  strong  bsse,  sbsorbing  CO,  from  the  air  and  yielding  crystalline 
salts  with  I  equivalent  of  the  acids,  l^e  niiraU^  CNgH^ .  HNO^  consists  of  large 
scales,  which  are  sparingly  soluble  in  water.  The  HCl-saii,  CN,H(.  HCl,  yields  a 
platinum  doable  salt,  crystallizing  in  yellow  needles.  The  car^oma/e,  (CN,H^), .  - 
H,CO,,  consists  of  Quadratic  prisms,  and  reacts  alkaline.  The  sulfkotyanaie,  cK,- 
H^.  HSCN,  crystallises  in  large  leaflets,  that  melt  at  liS**. 

The  alkyl  guanidints  result  (i)  on  heating  cyanamide  with  the  HQ-salts  of  the 
primanr  amines—^  g.y  Methyl  Guanidine ;  (2)  by  boiling  sym.  dialkylic  thioureas 
(p.  408)  with  mercuric  oxide  and  ethylamine  in  alcoholic  solution  (B.  a,  60I) :  Tri- 
ethyl  Guanidine. 

Vice  versd,  the  alky  lie  guanidtnes,  when  heated  with  CS^,  have  their  imid-group 
replaced  by  sulphur,  with  formation  of  thio-ureas. 

Guanidine  also  forms  salts  with  the  fatty  adds.  When  these  are  heated  to  220- 
230^,  water  and  ammonia  break  oflf,  and  the  guanamines  result.  These  are  pecu- 
liar heterocyclic  bases  (Nencki,  B.  9,  228).  They  are  produced  by  the  union  of  i 
molecule  of  acid  and  2  molecules  of  guanidine. 

Formoguanamine  is  also  produced  when  chloroform  and  caustic  potash  act  upon 

N  =  C. 
biguanide  (p.  419)  (B.  as,  535).     These  bases  contain  the  ring  C  (^  >N, 

assumed  to  be  present  in  the  cyanuric  compounds. 

N  =  C(NH,) 
Formoguanamine^  HC^  ^N,  melts  with  decomposition  at  high  tem- 

^N  —  C(NH,)^ 

•       N  =  C(NH,)v 
peratures.   Acetguanamine^  CH.C^  ^N,  melting  at  265^,  when  heated 

^N  =  C{NH,)^ 
with  concentrated  H^SO^  to  150^  passes  into  acetguanamide  ;  see  acetylurethane. 

Guaneides  of  the  Oxyacids. — ^The  guanidine  derivatives  corre- 
sponding to  the  ureides  of  glycollic  acid,  hydantofc  acid,  and  hydan- 
toin  are  known.  Creatine  and  creatinine,  important  from  a  physio- 
logical standpoint,  belong  to  this  class. 

NH 
Qlycocyamine,  guanidoacetic  acid,  NH  =  C<    ^r\\  cO  H'  ^  obtained  by 

the  direct  union  of  glycocoll  with  cyanamide : 

MM  yNH, 

CN .  NH,  +  CH,<SJ?U  =  c4nH 

CO,H  \NH  — CHj.COjH 

Cyanamide  Glycocoll  Glycocyamine. 

On  mixing  the  aqueous  solutions  it  separates  after  a  time  in  granular  crystals.  It 
dissolves  with  difficulty  in  cold  water  and  rather  readily  in  hot  water ;  while  it  is 
insoluble  in  alcohol  and  ether.     It  forms  crystalline  compounds  with  acids  and  bases. 

d-Quanidopropionic  Acid^  Alaereatine,  CN,H4.  CH,.  CH,.  CO,H,  consists  of 

'als  which  decompose  at  205°.     Isomeric  a-guanidopropionic  acid  melts  at  i&>^. 

NHCO    ^         ^ 
^cocyamidine,  glycolyl  guanidine,  NH  =  C<        1      ,  bears  the  same  relation 

cocyamine  as  hydantoln  to  hydantofc  acid : 
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NH,                           NHCO                     NH,  NHCO 

CO<     ^                  CO<        I        NH=C<       '  NH=C<        1 

^NHCH,CO,H        ^NHCH,               ^NH(CH,)CO,H  ^NHCH, 

Hydantoic  Acid          Hydantoin                   Glycocyamine  Glycocyamidine. 

It  is  produced  when  glycocyamine  hydrochloride  b  heated  to  160^. 

Creatine,   methyl   glycocyamine,  methylguanidine  acetic  acid, 

NH :  C<j^7^|^  x^j^  QQ  jj,  was  first  discovered  in  1834  by  Chevreul  in 

meat  extract  (xpia^,  flesh).  Liebig  (1847)  g^ive  it  a  thorough  investi- 
gation in  his  classic  research  entitled  **  IJeber  die  Bestandtheile  der 
Flilssigkeiten  des  Fleisches"  (A.  62,  257).  It  is  found  especially  in 
the  juice  of  muscles.  It  may  be  artificially  prepared  (J.  Volhard, 
1869),  like  glycocyamine,  by  the  union  of  sarcosine  (methyl  glycocoll) 
with  cyanamide : 

NH .  CH,  _,   ^    NH, 

"^  ■  ^«'  +  ciH,.  coin  =  ^«  =  ^<N(CH.)  -  CH.  -  CO.H. 

Creatine  crystallizes  with  one  molecule  of  water  in  glistening  prisms. 
Heated  to  100^,  they  sustain  a  loss  of  water.  It  reacts  neutral,  has  a 
faintly  bitter  taste,  and  dissolves  rather  readily  in  boiling  water;  it 
dissolves  with  difficulty  in  alcohol,  and  yields  crystalline  salts  with 
one  equivalent  of  acid. 

(l)  When  digested  with  acids,  creatine  loses  water  and  becomes  creatinine  (see 
above),  and  (2)  with  baryta  water  it  falls  into  urea  and  sarcosine : 


,   ^    NH,  ^       ^^     NH,       NH(CH,) 

NH:C<       •  4-H,0  =  C0<  4-  L 

^N(CH,)  —  CH,  —  CO,H  ^     •  ^NH,  ^  CH, .  CO,H. 

Ammonia  is  liberated  at  the  same  time,  and  methyl  hydantoln  is  formed.  (3) 
When  its  aqueous  solution  is  heated  with  mercuric  oxide,  creatine  becomes  oxalic 
acid  and  methyl  guanidine.  (4)  With  acetic  anhydride  it  yields  diacetyl  ereatine, 
NH.  C<NH  XO.CH,^^  ^^^^  ^^  ^  .^jjo  (A.  ,84.  Si). 

Creatinine,  methyl  glycocyamidine,  NH  =  C<  1    ,  occurs 

N(Crl,)Cxl, 

constantly  in  urine  (about  0.25  per  cent.),  and  is  readily  obtained 
from  creatine  by  evaporating  its  aqueous  solution,  especially  when 
acids  are  present.  It  crystallizes  in  rhombic  prisms,  and  is  much 
more  soluble  than  creatine,  in  water  and  alcohol.  It  is  a  strong  base, 
which  can  expel  ammonia  from  ammonium  salts  and  yields  j^ell 
crystallized  salts  with  acids.  Its  compound  with  zinc  chloride, 
(CtH^NjO), .  ZnCl,,  is  particularly  characteristic.  Zinc  chloride  pre- 
cipitates it  from  creatinine  solutions  as  a  crystalline  powder,  dissolving 
with  difficulty  in  water. 

(l)  Bases  cause  creatinine  to  absorb  water  and  become  creatine  again.  (2)  Boiled 
with  baryta  water  it  decomposes  into  methyl  hydantoln  and  ammonia : 

NH CO  NH CO 

^«  =  ^<N(CH.)-(!:H.  +  «'°  =  «^<N(CH.)_<iH.  +  ^«- 
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(3)  When  boiled  with  mercuric  oxide  it  breaks  up  like  creatine  into  methyl -goanidine 
and  oxalic  acid. 

When  creatinine  is  heated  with  alcoholic  ethyl  iodide,  the  ammonium  iodide  of 
ethyl  creatinine,  €4(1^ (C.H()N.O .  I,  is  produced.  Silver  oxide  couTerts  this  into 
the  ammonium  base,  C^H^ (C,H()N,0 .  OH. 

Guaneides  of  Carbonic  Acid. — Guanoline,  guanyl  urea,  bignanide,  and  proba- 
bly dicyandiamide,  corresponding  to  allophanic  ester  (p.  403),  biuret  (p.  403),  and 
cyanurea  (p.  403),  are  derivatives  of  the  guanelde  of  carbonic  acid.  This  is  not 
known,  and  probably  cannot  exist : 

^^<N  H*.  COjCjH,  ^^<NH .  CO .  NH,  ^^<NHfcN 

Allophanic  Ester  Biuret  Cyanurea 

NH :  C<j^  j^«  COjCjH,  ^"  ''  ^<Nh'.  CO .  NH, 

Guanoline  Guanylurea 

^^•^<NHb[NH]NH,  ^^-^^^NH.CN. 

Biguanide  Dicyaodiamide  (?) 

Guano/in ff  Guanidocarbonic  Ester,  NH :  C<jtSJ^q  r  jt  +  ^H,0,  melts,  when 
dehydrated,  at  1 14°.  It  is  obtained  from  the  reaction-[^oduct  arising  from  chlorcar- 
bonic  ester  and  gM2ir\\d\vitf  ^tianido-dicarbonic  diethyl  ester,  NH :  C<^j^u  '  co'^H  • 
through  the  action  of  ammonia  (B.  7,  1588). 

Dicyandiamidine,   NH  :  C<j^tt'  qq  j^u  ,  Guanyl  Urea,  b  formed  (i)  by 

the  action  of  dilute  acids  upon  dicyandiamide  or  cyanamide,  or  (2)  by  fusing  a  goan- 
idine  salt  with  urea  (B.  7,  446).  It  is  a  strongly  basic,  crystalline  substance.  It 
forms  a  copper  derivative  having  a  characteristic  red  color.  When  digested  with 
baryta  water  it  decomposes  into  CO,,  2NH3,  and  urea  (B.  20,  68). 

NH 
Biguanide,  Guanyl  Guanidiney  NH :  ^<C^TjF;fNH^NH>'  ^^  formed  (l)  on  heat- 
ing guanidine  hydrochloride  to  180-185®;  (2)  when  cyanguanidine  is  heated  with 
ammonium  chloride.  It  is  a  strongly  alkaline  base,  forming  a  copper  derivative  with 
characteristic  red  color.  Chloroform  and  caustic  alkali  convert  it  imoformcguimamine 
(p.  412). 

Dicyandiamide,  Param,  Cyanguanidine,  NH :  C<j^««*  p«^,  melting  at  205**, 

results  from  the  polymerization  of  cyanamide  upon  long  standing  or  by  evaporation  of 
its  aqueous  solution.  Ammonia  converts  it  into  biguanide,  and  dilute  acids  to  guanyl- 
urea.    Formerly,  the  formula  NH, .  C<;^^^ .  NH„  or  NH :  C<JJ JJ>C :  NH,  was 

ascribed  to  this  compound.  Its  behavior  with  piperidine,  with  which  it  combines  to 
arm  a  biguanide  derivative,  indicates  the  cyanamidine  formula  (B.  24,  899;  35,  525). 
lee  guanazole,  p.  415. 


NITRO-GUANIDINB  AND  ITS  TRANSPOSITION  PRODUCTS. 

Nitroguanidine  is  the  starting-out  material  for  the  preparation  of  a  series  of  remark- 
able guanidine  and  urea  derivatives  (Thiele,  A.  270,  I;  273,  133;  B.  a6,  2598, 
2645). 

NHNO 
Nitroguanidine,  NH  :  ^<^ij       '»  melting  at  240®,  results  on  treating  guanidine 

with  a  mixture  of  nitric  and  sulphuric  acids.     It  dissolves  with  difficulty  in  cold 
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water,  more  readily  in  hot  water,  and  very  copiously  in  alkalies,  because  of  its  feeble 
acid  character. 

Nitroso-guanidine,  NH :  C<Ctjh  '        (^)*  '^  pro<lQced  by  reducing  nitrogoanidine 

with  zinc  dost  and  sulphuric  acid.  It  consists  of  yellow  needles,  exploding  at  160- 
1650. 

Amidth'guanidme^  NH :  C<|^it       ',  results  when  nitro-  and  nitroso-guanidine 

are  reduced  with  zinc  dust  and  acetic  add.  Amido-guanidine  decomposes  readily 
when  in  a  piure  condition,  and  when  boiled  with  adds  it  breaks  down,  with  the  tem- 
porary production  of  semicarbazide  ^p.  405),  into  carbonic  add,  ammonia,  and  hydra- 
unij  which  can  therefore  be  convementiy  prepared  in  this  manner : 

VH.r^NH.NH,    H,0       /™  .NHNH,\      H,0     ^  ^^    ,    NH,NH, 
NH :  C<jj jj^         «  ^  (^<NH,      V >'  ^^«  +  NHJ.      ' 

Amido-guanidine  forms  well-crystallized  compounds  with  dextrose,  galactose,  and 
lactic  acid  (B.  a8,  2613). 

yNH— N 
Amidonutkyl'trioMoie^  NH,Cr^  «  (?),  melting  at  I48®,  is  produced 

>'N        C .  CH| 
when  acetylamido-guanidine  nitrate  is  treated  with  soda. 

NH— NH 
GuanoEole,  NH  :  C<^  i  ,  melting  at  206®,  results  when  dicyandiamide 

(see  above)  is  heated  with  hydrazine  hydrochloride  in  alcoholic  solution  to  100^ 

(B.  27.  R.  583). 

NH,  NH, 

Atodicarbondiamidinf^  \C — N  =  N — Cc^         ^  is  obtained  as  nitrate  when 

NH  ^  ^NH 

amido-guanidine  nitrate  is  oxidized  with  KMnOf.  The  azonitrate  forms  a  yellow, 
sparingly  soluble,  crystalline  powder,  exploding  at  180-1S4®.  It  passes  into  azodi- 
carbonamide  (p.  405)  when  boiled  with  water. 

NH_  NH, 

Hydrtnodicarbonamidine^  yC — NH — NH  -  CC         ,  results  as  nitrate  when 

NH  ^  '^NH 

azodicarbonamidine  nitrate  is  reduced  with  H.S. 

Diatoguanidine  Diniirate,  NH  :  C<^^^  =  N— NO,^  melting  at  1290,  con- 
sists of  colorless  crystals,  readily  soluble  in  water  and  alcohol,  but  insoluble  in  ether. 
It  is  obtained  when  potassium  nitrite  acts  on  the  nitric  acid  solution  of  amidoguani- 
dine  nitrate.  Caustic  soda  converts  it  into  cyanamide  and  hydronitric  acid^  and  by 
adds  in  addition  in  part  into  amidotetrawHc  acid,  melting  at  203^.  This  acid,  with 
its  decomposition  products,  will  be  mentioned  after  tetrazole : 

>N  -NO,H  .NH— N=N— NO,-NO,H  /N N 

CNNH.  +  HN<H^.E NH.C4^  ^^"KnH-A 

Amidotetrazotic  Acid. 

N-N    ^  ^^ N 

AiotitroMie^   ■     -mh/^^ — ^  =^  ^ — ^^m«    A*  results  when  amidotetrazotic 

add  is  oxidized  by  potassium  permanganate. 

Isocyanteirabr»mide  or  Tetrabromformalaxine^  Br,C  =  N  —  N  =  CBr,,  melting  at 
42"^  is  produced  when  hydrazotetrazole,  the  reaction-product  of  azotetrazole,  is 
treated  with  bromine  (B.  26,  2645).  With  alkalies  isocyantetrabromide  apparently 
jields  isocyanoxide,  CO  =  N  —  N  =  CO  (?),  or  a  polymeride  of  it.  Should  an  oxi- 
dizable  body  like  alcohol  be  present,  isocyanogen,  C  =^  N  —  N  =r  C(  ?),  is  pro- 
duced.   This  substance  has  an  odor  very  much  like  that  of  isonitrile. 
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NITRILES  AND  IMIDES  OP  CARBONIC  AND  THI0CAR80N1C  ACIDS. 

The  nitriles,  cyamc  add,  thioeyanic  add,  cyanogen  chloride,   and 
'  tymnamide,  stand  in  a  systematic  and  genetic  connection  with  carbamic 
acid,  thiocarbaniic  acid,  urea  chloride,  and  urea,  as  well  as  with  thio- 
urea: 


i 


bamlc      Ur»  jhl< 


The  empiric  Tormulas  or  cyanic  acid,  CNOH,  thio-cyanic  acid, 
CNSH,  and  cyanamtde,  CN,H„  have  each  another  structural  formula : 

HN  =  C  :=  O  HN  =  CS  NH  =  C  =  NH 

liocyanic  Acid,  laothiocyinlc  Acid  Carlndi-imlde. 

Cublmide  TbiociTbimidc 

Indeed,  alkylic  derivatives  are  known  which  correspond  to  both 
fonnulas  of  each  of  these  bodies.  The  isothiocyanic  esters,  or  mus- 
tard oils,  may  be  especially  mentioned.  The  constitution  of  free 
cyanic  acid,  and  of  cyanamide,  has  not  yet  been  determined  with 
certainty.  The  normal  formula,  N  =  C.  5H,  is  universally  attributed 
to  thioeyanic  or  sulphocyanic  acid. 

The  remarkable  tendency  of  cyanic  acid  and  cyanamide  to  poly- 
merization is  particularly  noteworthy.  Experience  with  other  classes 
of  compounds  would  indicate  that  this  is  an  argument  for  unsymmet- 
rical  constitution — i.  e.,  for  the  normal  cyanogen  formulas  of  the  poly- 
merizing compounds.  The  more  unsym metrically  unsaturated  bodies 
are  constructed,  the  greater  is  their  tendency  to  polymerize  to  sym- 
metrical and  generally  ring-shaped  atomic  complexes. 


Numerous  compounds  containing  the  cyanogen  group  have  been 
described  and  discussed  in  the  preceding  pagesas  nitriles  of  carboxyljc 
acids  (p.  383),  oxy-  and  ketonic  acids  (pp.  349,  370).  The  simplest 
body,  hydrogen  cyanide  or prussic  add  (p.  238),  hasbeen  discussed  with 
formic  acid.  Cyanic  acid  sustains  a  relation  to  prussic  acid  similar 
to  '•"*  '^^  carbonic  acid  to  formic  acid. 


ERIVATIVES  OF  CVANOQ EN,  THEIR  I80UERIDB8  AND 
POLYMEBIDSS. 

;id,  N  =  C.OH,  isomeric  with  fulminic  acid  or  car- 
J37),  is  obtained  by  healing  polymeric  cyanuric  acid. 
I  hich  distil  over  are  condensed  in  a  strongly  cooled  re- 
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The  acid  is  only  stable  below  o®,  and  is  a  mobile,  very  volatile 
liquid,  which  reacts  strongly  acid,  and  smells  very  much  like  glacial 
acetic  acid.  It  produces  blisters  upon  the  skin.  At  about  o**,  the 
aqueous  solution  is  rapidly  converted  into  carbon  dioxide  and  am- 
monia: 

CONH  +  H,0  =  CO,  +  NH,. 

At  o^,  the  aqueous  cyanic  acid  passes  rapidly  into  the  polymeric 
cyamelide — a  white,  porcelain-like  mass,  which  is  insoluble  in  water, 
and  when  distilled  reverts  to  cyanic  acid.  Above  o**,  the  conversion 
of  liquid  cyanic  acid  into  cyamelide  occurs,  accompanied  by  explosive 
foaming.  Cyanic  acid  dissolves  in  alcohols,  yielding  esters  of  alio- 
phanic  acid. 

Potassium  Cyanate,  Potassium  Isocyanate,  ordinary  cyanate 
of  potassium^  N  •  C  .  OK,  or  O :  C :  NK,  is  formed  in  the  oxidation  of 
potassium  cyanide  in  the  air,  or  with  some  oxidant  like  lead  oxide, 
minium,  potassium  permanganate,  or  sodium  hypochlorite  (B.  a6,  R. 
779).  It  is  most  conveniently  made  by  heating  small  portions  (3-5 
gm.)  of  an  intimate  mixture  of  100  parts  potassium  ferrocyanide  and  75 
parts  of  potassium  bichromate  in  an  iron  dish,  when  NH,  should  not 
be  set  free  (B.  a6,  2438).  It  results,  too,  on  conducting  dicyanogen 
or  cyanogen  chloride  into  caustic  potash  (B.  23,  2201).  The  salt 
crystallizes  in  shining  leaflets,  resembling  potassium  chlorate,  or  in 
quadratic  plates  (B.  27,  837),  and  dissolves  readily  in  cold  water,  but 
with  more  difficulty  in  hot  alcohol.  In  aqueous  solution  it  decomposes 
rapidly  into  ammonia  and  potassium  carbonate. 

Potassium  isocysiiAte  precipitates  aqueous  solutions  of  the  heavy  metals.  The 
lead,  silver,  and  mercurous  salts  are  white,  the  cupric  salt  is  green  in  color. 

The  transpositions  of  the  potassium  salt  with  ethyl  sulphate,  and  the  silver  salt 
with  ethyl  iodide,  forming  isocyanic  esters,  would  indicate  their  formulas  to  be: 
0:C:NKandO:C:N.Ag. 

Ammonium  eyanaU^  CN .  O .  NH^  or  CO :  N(NH4),  is  a  white  ciystalline  powder, 
formed  by  contact  of  cyanic  acid  vapors  with  dry  ammonia.  Caustic  potash  decom* 
poses  it  into  potassium  isocyanate  and  ammonia.  On  evaporating  the  aqueous  solu- 
tion  it  passes  into  isomeric  urea  (p.  396). 

The  cyanates  of  the  primary  and  secondary  amines  are  similarly  converted  into 
alkylic  ureas,  whereas  the  salts  of  the  tertiary  amines  remain  unchanged. 

Esters  of  Normal  Cyanic  Acid  (^Cyanetholines)  are  not  known 
(A.  287,  310).  Imidocarbonic  acid  ethers  (p.  404)  are  produced 
when  cyanogen  chloride  acts  upon  sodium  alcoholates  in  alcoholic 
solution. 

Esters  of  Isocyanic  Acid^Alkyl  Carbimides  or  Alkyl  Cyanates. — Wflrtz 
prepared  these,  in  1848,  (i)  by  distilling  potassium  ethyl  sulphate  with 
potassium  isot:yanate : 

S04K(C,H5)  +  CO :  NK  =  CO :  N .  C,Hj  +  SO4K,. 

Esters  of  isocyanuric  acid  are  formed  at  the  same  time,  in  conse- 


41 8  ORGANIC  CHEMISTRY. 

quence  of  polymerization.  (2)  Isocyanic  esters  are  produced,  too,  by 
oxidizing  the  carbylamines  with  mercuric  oxide : 

qn,.  NC  +  O  =  CjHj.NrCO; 

and  (3)  by  the  action  of  silver  isocyanate  upon  alkyl  iodides  at  low 
temperatures : 

C|H,I  +  CO:  NAg  =  CO:  N.CjHg  +  Agl. 

These  esters  are  volatile  liquids,  boiling  without  decomposition,  and 
possessing  a  very  disagreeable,  penetrating  odor,  which  provokes  teais. 
They  dissolve  without  decomposition  in  ether.  On  standing  they  pass 
rather  rapidly  into  the  polymeric  isocyanuric  esters. 

Methyl  Isocyanic  Eater,  CO :  N .  CH,,  nietliyl  isocyanate,  methyl  carbimide, 
boils  at  44^. 

Ethyl  Isocyanic  Ester,  CO :  N  .C,H^  boils  at  6o<>. 
Allyl  Isocyanic  Ester,  CO :  N .  C,H,,  boils  at  $2^. 

Transpositions. — In  all  their  reactions  they  behave  like  carbimide 
derivatives,  (i)  Heated  with  KOH  they  become  primary  amines  and 
potassium  carbonate  (p.  162).  This  is  the  method  WQrtz  used  when 
he  first  discovered  them. 

(2)  Acids  in  aqueous  solution  behave  similarly  : 

CO:  N.  C,H,  +  H,0  +  HQ  =  CO,  +  CjH^.NH,.  HCL 

(3)  With  the  amines  and  ammonia  they  yield  alkylic  ureas  (see  these). 

(4)  Water  breaks  them  up  at  once  into  CO,  and  dialkylic  ureas.  In 
this  decomposition  amines  form  first,  CO,  being  set  free,  and  these 
combine  with  the  excess  of  isocyanic  ester  to  dialkylic  ureas  (see 
these). 

(5)  Fatty  acids  convert  them  into  alkylic,  primary  acid  amides 
(p.  264).  CO,  is  simultaneously  evolved.  (6)  Acid  anhydrides  convert 
them  into  alkylic  secondary  acid  amides  (p.  264). 

(7)  The  esters  of  isocyanic  acid  unite  with  alcohol,  yielding  esters  of  caibamic 
acid  (p.  394). 

(8)  As  derivatives  of  ammonia  the  isocyanic  esters  are  capable  of  combining  di- 
rectly with  the  haloid  acids.  The  products  are  urea  chlorides  (p.  395),  from  which 
the  isocyanic  esters  are  again  separated  by  distillation  with  lime : 

7N  +  Ha  =     ^N .  Ha, 

C,H,/  C,H,/ 

Acetyl  Isocyanate^  CONCOCH,,  boiling  at  about  80^,  results  from  the  action  of  acetyl 
chloride  upon  fulminating  mercury  (p.  238).  That  it  very  probably  is  acetyl  isocy- 
anate would  seem  to  be  indicated  by  its  transpositions  with  alcohol  and  ammonia  to 
acetyl  urethane  (p.  395),  and  mono-acetyl  urea  (p.  400)  (B.  23,  35  lo). 
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CYANURIC  ACID  AND  ITS  ALKYLIC  DBRIVATIVE8. 

}ust  as  with  cyanic  acid,  so  here  with  tricyanic  acid,  two  structural 
cases  are  possible : 


HO-C  =  N— C-OH  OC— NH— CO 

(I)  N  =  C— N  and  (2)  HN—CO  — NH 

in 

Normal  Cyanuric  Acid  Itocyanaric  Acid 

or  Tricarbimide. 


Ordinary  cyanuric  acid  is  most  probably  constituted  according  to 
formula  (i),  because  when  sodium  alcoholates  act  upon  cyanuric  bro- 
mide, CgNsBr,,  and  alkyl  iodides  upon  ordinary  silver  cyanate,  esters 
of  normal  cyanuric  acid  result  (below).  Isocyanuric  acid  (formula  2) 
is  not  known  in  a  free  state.  Upon  saponifying  the  isocyanuric  esters 
(p.  420),  constituted  according  to  the  carbimide  formula  (2),  ordin- 
ary cyanuric  acid  invariably  results  (B.  20,  1056). 

.       HO.C:N C.OH 

Cyanunc  Acid.  1  1        ,  was  observed  by  Scheele 

^  *  N:C(OH).N  ^ 

in  the  dry  distillation  of  uric  acid.  It  is  produced  (i)  by  heating  tri- 
cyanogen  chloride  CsN,Cls  or  tricyanogen  bromide  (B.  16,  2893)  ^i^^ 
water  to  120-130^,  or  with  alkalies.  (2)  Dilute  acetic  acid  added  to 
a  solution  of  potassium  isocyanate  gradually  separates  primary  potas- 
sium isocyanate,  CgNsOsHsK,  from  which  mineral  acids  release  cyanuric 
acid.  (3)  It  appears,  too  (a)  on  heating  urea  (^)  or  carbonyl 
diurea  (p.  404) ;  (^)  on  conducting  chlorine  over  urea  heated  to  130- 
140^  j  {d)  when  urea  is  heated  with  a  solution  of  phosgene  in 
toluene  to  190-230^  (B.  ag,  R.  866). 

(a)  3CO(NH,),  =  C,0,N,H,  4.  3NH, 
U)  NHjCONH.CO.NHCONH,  =  C,0,N,Hj  4-  NH. 

W  3CI  +  3CO(NH,),  =  (4o.N,H,  4-  2NHXn  +  HQ  +  N 
(d)  aCOO,  +  3CO(NH,),  =  2C,0,N,H,  +  6Ha. 

Cyanuric  acid  crystallizes  from  aqueous  solution  with  2  molecules 
of  water  (CtN,0,H,  -|-  2H1O)  in  large  rhombic  prisms.  It  is  soluble 
in  40  parts  of  cold  water,  and  easily  soluble  in  hot  water  and  alcohol. 
When  boiled  with  acids  it  decomposes  into  carbonic  acid  and  ammonia. 
When  distilled  it  breaks  up  into  cyanic  acid.  PCU  converts  it  into 
tricyanogen  chloride. 

Cyanuric  acid  is  tribasic.  A  characteristic  salt  is  the  trisodium  salt, 
C,NANa,. 

Normal  Cyanuric  Esters  are  formed  (i)  by  the  action  of 
cyanogen  chloride  upon  sodium  alcoholates. 

(2)  A  simpler  procedure  is  to  act  upon  the  sodium  alcoholates  with 
cyanuric  chloride  or  bromide  (B.  18,  3263  and  zg,  2063). 
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(3)  The  normal  cyanuric  esters  are  also  formed  by  the  action  of  alkjl  iodides  npoo 
siWer  cyanurate,  C,N,(OAg),,  at  100®. 

Methyl  Cyanuric  Ester  melts  at  135^  and  boils  at  263*'. 

Ethyl  Cyanuric  Ester  melts  at  2g**  and  boils  mialtered  at  275^. 

The  normal  cyanuric  esters,  on  digesting  with  the  alkalies,  break  np  into  qramiric 
acid  and  alcohol.  They  combine  with  six  atoms  of  bromine.  PCI.  converts  them 
into  cyanuric  chloride.     Boiling  gradually  changes  them  to  isocyanunc  esters. 

Partial  saponification  of  the  normal  cyanuric  esters  by  NaOH  or  Ba(OH),  gives 
rise  to  normal  dialkyl  cyanuric  acids ;  these,  when  heated,  rearrange  themselves  into 
dialkyl  isocyanunc  acids  (B.  19,  2067) : 

Dimethyl  Cyanuric  Acid,  C,N,(0 .  CH,), .  OH,  melts  at  i6o-i8o<*y  and  sud- 
denly passes  into  dime/Aj'/  isocyanunc  acid  (melting  at  222^). 

Cyanuric  Triacetate,  C.N,(0 .  C,H,0),,  melts  with  partial  decomposition  at 
170®,  and  is  prepared  from  silver  cyanurate  and  acetyl  chloride. 

Esters  of  Isocyanuric  Acid,  C,0,(N .  CH,),,  Tricarbimide  esters^  are  formed 
together  with  the  isocyanic  esters,  when  the  latter  are  prepared  by  the  distillation  of 
KCNO  with  potassium  ethyl  or  methyl  sulphate.  We  have  already  spoken  of  their 
formation  as  a  result  of  the  noolecular  transposition  of  the  cyanuric  esters.  Hence 
they  are  formed  together  with  these,  or  appear  in  their  stead  in  energetic  reactions — 
e.g..,  in  the  distillation  of  potassium  cyanate  with  ethyl  sulphates,  or  when  silver 
cyanurate  is  acted  upon  by  alkyl  iodides  (see  above).  They  are  solid  crystalline 
bodies,  soluble  in  water,  alcohol,  and  ether,  and  may  be  distilled  without  decompo- 
sition. They  pass  into  primary  amines  and  potassium  carbonate  when  boiled  with 
alkalies,  similar  to  the  isocyanates : 

C,0,(N .  CH3),  +  6KOH  =  3CO,K,  -f  3NH, .  CH,. 

Methyl  Isocyanuric  Ester,  Methyl  Tricarbimide,  C,0,(N .  CH,),,  melts  at  175® 
and  boils  undecomposed  at  296*^. 

Ethyl  Isocyanuric  Ester,  C,0,(N.C,H^)„  melts  at  95*^  and  boils  at  276^'.  It 
volatilizes  with  steam. 

Dialkyl  Isocyanuric  Esters,  or  Isocyanuric  Dialkyl  Esters,  see  dimethyl 
cyanuric  acid. 


HALOGEN  COMPOUNDS  OF  CYANOGEN  AND  THEIR  POLYMBRIDBS. 

The  cyanogen  haloids  may  be  viewed  either  as  the  chloride,  bromide 
and  iodide  of  cyanic  acid,  or  as  the  nitriles  of  chlor-,  brom-,  or  iodo- 
carbonic  acids  which  cannot  exist : 

(CI .  COOH)  CI .  CONH,  aC  =  N 

Cblorcarboiiic  Acid  Urea  Chloride  Cyano^^en  Chloride. 

They  result  by  the  action  of  the  halogens  upon  metallic  cyanides 
(mercuric  cyanide),  or  upon  aqueous  prussic  acid.  The  chloride  and 
bromide  can  condense  to  tricyanides,  in  which  we  assume  the  presence 

— C=N— C— 

of  the  tricyanogen  group,  CjN,  =      n  =  c  —  A     »  ^^^  radical  of  cy- 

anuric  acid. 

Cyanogen  Chloride,  CNQ,  is  produced  hy  acting  with  chlorine  upon  aqueous 
hydrocyanic  acid  or  upon  a  cold  mercuric  cyanide  solution.  It  is  a  mobile  liquid, 
solidifying  at  — 5°,  and  boiling  at  -f~l5°-  1^  passes  into  cyanuric  chloride  on 
preservation.  With  ammonia,  it  yields  ammonium  chloride  and  cyanamide,  CN .  • 
NH,.     Alkalies  decompose  it  into  metallic  cyanides  and  isocyanates. 
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Cyancgen  Bromide^  CNBr,  melting  at  52^  and  boiling  at  61®,  is  prodaced  on 
adding  a  potassium  cyanide  solution  drop  by  drop  to  bromine,  well-cooled  (B.  ag, 
1822). 

Cyam^en  Iodide,  CNI,  sublimes  at  45^,  without  melting,  in  brilliant  white  needles. 

These  compounds  are  sparingly  soluble  in  water,  but  they  dissolve 
readily  in  alcohol  and  ether.  Their  vapors  have  a  penetrating  odor, 
provoking  tears,  and  acting  as  powerful  poisons. 

Cyanuric  haloids  are  converted  into  cyanuric  acid  when  heated  with 
water. 

Tricyanogen  Chloride,  Cyanuric  Chloride,  Solid  Chlorcyanogen, 

ac  —  N  —  ca 

N  —  CCl  =  N    ' 

is  produced  when  liquid  cyanogen  chloride  is  kept  in  sealed  tubes.  In  the  polymeriza- 
tion of  cyanogen  chloride  -j- 1 89. 05  C.  are  liberated  (C.  1897,  z,  284).  It  is  formed 
directly  by  leading  chlorine  into  an  ethereal  solution  of  CNH,  or  into  anhydrous 
hydrocyanic  add  exposed  to  direct  sunlight  (B.  19,  2056).  It  appears,  too,  in  the 
distillation  of  cyanuric  acid,  C,OsN|H„  with  phosphorus  pentachloride  (A.  xx6,  357). 
It  melts  at  146®  and  boils  at  190^.  It  is  not  very  soluble  in  cold  water,  but  readily 
in  alcohol  and  ether.  When  boiled  with  water  or  alkalies,  it  breaks  up  into  hydro- 
chloric  and  cyanuric  acids  (B.  zg,  R.  599). 

Cyanuric  Bromide,  C,N,Br„  is  produced  (i)  from  bromcyanogen  in  the  presence 
of  a  little  bromine.  (2)  On  heating  the  anhydrous  bromide  or  its  ethereal  solution 
in  sealed  tubes  to  130-140^.  (3)  By  heating  dry  yellow  or  red  prussiate  of  potash 
with  bromine  at  250^  (B.  16,  2893)  or  (4)  on  conducting  HBr  into  the  ethereal 
solution  of  CNBr  (B.  z8,  3262).  It  melts  above  300*^,  and  is  volatile  at  higher  tem- 
peretures. 

Cyanuric  Iodide,  C,N,I„  is  produced  by  the  action  of  bydriodic  acid  upon  cyan- 
uric chloride.  It  is  a  dark  brown,  insoluble  powder.  At  200°  it  readily  breaks  up 
into  iodine  and  paracyanogen,  (CN)^  (B.  19,  R.  599). 


SULPHUR  COMPOUNDS  OP  CYANOGEN,  THEIR  I80MERIDES  AND 

POLYMERIDBS. 

The  thiocyanic  acids  are : 

N  =  C— SH        and         S  =  C  =  NH 
Thiocyanic  Acid,  Isothiocyanic  Acid, 

Sulphocyanic  Acid  Sulphocarbimide. 

These  correspond  to  the  two  isomeric  cyanic  acids  (p.  416). 

The  known  thiocyanic  acid  and  its  salts  (having  the  group  NC.S — ) 
are  constituted  according  to  the  first  formula.  Its  salts  are  obtained 
from  the  cyanides  by  the  addition  of  sulphur,  just  as  the  isocyanates 
result  by  the  absorption  of  oxygen.  The  different  union  of  sulphur 
and  oxygen  in  this  instance  is  noteworthy  : 

CNK  +  O  =  CO :  NK  CNK  +  S  =  CN .  SK. 

Isothiocarbimide,  CS :  NH,  and  its  salts  are  not  known.  Its  esters 
(the  mustard  oils)  do,  however,  exist  and  are  isomeric  with  those  of 
sulphocyanic  acid. 
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Thiocyanic  Acid,  Sulphocyanic  Acid,  CN.  SH,  occurs  in  small 
quantities  in  the  human  stomach  (B.  a8,  1318),  and  is  obtained  by 
distilling  its  potassium  salt  with  dilute  sulphuric  acid,  or  decomposing 
the  mercury  salt  with  dry  H,S  or  HCl.  It  is  a  liquid  with  a  pene- 
trating odor.  When  removed  from  a  cooling  mixture,  it  polymerizes  to 
a  yellow  amorphous  body,  giving  out  much  heat  at  the  same  time  (B. 
20,  R.  317).  It  is  soluble  in  water  and  alcohol.  Its  solutions  react 
acid.  The  free  acid,  and  also  its  salts,  color  solutions  of  ferric  salts  a 
dark  red.  This  is  an  exceedingly  delicate  reaction,  which,  when 
CNSK  is  used,  is  based  on  the  formation  of  (CNS).Fe,  +  9CNSK  (B. 
22,  2061).  It  is  this  reaction  which  has  given  the  name  rhodanides 
(from  /iodovy  rose),  to  sulphocyanides.  The  free  acid  decomposes 
readily,  especially  in  the  presence  of  strong  acids,  into  hydrogen 
cyanide  and  persulphocyanic  acid,  C,N,SjH,. 

The  aikaii  thiocyanates^  like  the  isocyanates,  are  obtained  by  fusing 
the  cyanides  with  sulphur. 

Potassium  Thiocyatiate,  CN .  SK,  sulphocyanate  of  potash,  crystal- 
lizes from  alcohol  in  long,  colorless  prisms,  which  deliquesce  in  the 
air.  The  sodium  salt  is  very  deliquescent,  and  occurs  in  the  saliva 
and  urine  of  different  animals. 

Ammonium  Thiocyanate^  CN .  S .  NH^,  is  formed  on  heating  prnssic  acid  with 
yellow  ammonium  sulphide,  or  a  solution  of  ammonium  cyanide  with  sulphur.  It  is 
most  readily  obtained  by  beating  CS,  with  alcoholic  ammonia : 

CS,  -f  4NH,  =  CN .  S  .  NH4  -h  (NH^),S. 

The  salt  crystallizes  in  prisms,  which  readily  dissolve  in  water  and  alcohol.  It 
melts  at  150°,  and  at  170-180^  molecular  transposition  into  thiourea  occurs  (similar 
to  ammonium  cyanate,  p.  397). 

The  salts  of  the  heavy  metals  arc  mostly  insoluble.  The  mercury  salt,  (CN .  S),- 
Hg,  is  a  gray,  amorphous  precipitate,  which  bums  on  ignition  and  swells  up  strongly 
(Pharaoh's  serpents).  The  siivtr  salt\  CNSAg,  is  a  precipitate  similar  to  silver 
chloride.  The  volumetric  method  of  Volhard  is  based  on  its  production  (A.  zgo,  I). 
Lead  sulphocyanide^  (CNS)-Pb. 

Cyanogen  Sulphide,  (CN),S,  is  formed  when  cyanogen  iodide  in  ethereal  solu- 
tion acts  on  silver  thiocyanate. 

Cyanogen  sulphide  forms  rhombic  plates,  melting  at  65^  and  subliming  at  30^. 
It  dissolves  in  water,  alcohol  and  ether. 

Addition  :  Persulphocyanic  Acidy  Xanthane  Hydride,  C^N^H^S,,  consists  of  yellow 
prisms,  sparingly  soluble  in  water.  It  is  a  decomposition  product  of  hydrogen 
sulphocyanide  (J.  pr.  Ch.  [2]  38,  368).  Alkalies  change  it  to  dithiocyanic  acid^ 
C,N,H,S,  (A.  179,  204). 

Pseudo-Cyanogen  Sulphide,  C,N.HS^(?),  is  formed  in  the  oxidation  of  potas- 
sium sulphocyanide  with  nitric  acid  or  cnlonne.  It  is  a  yellow,  amorphous  powder, 
insoluble  in  water,  alcohol  and  ether.     It  dissolves  with  a  yellow  color  in  alkalies. 

Kanarine  is  similar  to  and  probably  identical  with  pseudo- cyanogen  sulphide.  It  is 
obtained  from  KCNS  by  electrolysis,  or  by  oxidation  with  KCIO3  and  HCl  (B.  17, 
R.  279,  522,  and  18,  R.  676).  It  is  applied  as  a  yellow  or  orange  dye  for  wool  and 
does  not  require  a  mordant. 

Esters  of  normal  sulphocyanic  acid  are  obtained  (i)  by  distilling  organic  salts  of 
sulphuric  acid  in  concentrated  aqueous  solution  with  potassium  sulphocyanide,  or  by 
heating  with  alkyl  iodides  : 

CN  .  SK  -V  ^^^  =  CN.  S.  CjHj  -f  KI. 
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Fmther,  (2)  by  the  action  of  CNG  upon  salts  of  the  mercaptans : 

CjHj.  SK  -f  CNCl  =  CjHj.  S.  CN  +  KQ. 

They  are  liquids,  not  soluble  in  water,  and  possess  a  leek-like  odor.  Nascent 
hydrogen  (xinc  and  sulphuric  acid)  converts  them  into  hydrocyanic  acid  and  mer- 
captans: 

CN.  S.  CjHj  +  H,  =  CNH  -\-  CjHj.  SH. 

On  digestixig  with  alcoholic  potash  the  reaction  b : 

CN.  S.  CjHj  +  KOH  =  CN.  SK  -f  CjHj.OH. 

The  isomeric  mustard  oils  do  not  afford  any  potassium  sulphocyanate.  Boiling  nitric 
acid  oxidizes  them  to  alkylsulphonic  acids  with  separation  of  the  cyanogen  group. 
This  would  prove  that  the  alkyl  group  in  these  bodies  is  linked  directly  to  sulphur. 

Methyl  Thiocyanic  Ester,  CN.S.CH,,  has  a  specific  gravity  1.088  at  o^. 
When  heated  to  180-185"  it  is  converted  into  the  isomeric  methyl-isothiocyanic  ester. 
This  conversion  is  more  readily  effected  with  allyl  sulphocyanide  (see  allyl  mustard 
oil,  p.  425). 

Ethyl  Thiocjranic  Ester,  CN .  S .  C,Hj,  boils  at  I42<». 

Isopropyl  Thiocyanic  Ester,  CN.  S.  C,H,,  boils  at  152-153°. 

Allyl  Thiocyanic  Ester,  CN.S.C,H^,  boils  at  161°  and  rapidly  changes  to 
isomeric  allyl  mustard  oil,  CS  :  N .  C,H|. 

Ketone  and  Fatty  Acid  Sulphocyanides. — Mention  may  be 
made  in  this  connection  of  sulphocyanacetone^  and  sulphocyanacetic 
acid. 

Sulphocyan-acetone,  CN .  S .  CH, .  CO .  CH„  is  formed  from 
barium  sulphocyanide  and  chloracetone  (p.  216).  It  is  an  oil  with 
scarcely  any  color.  Its  sp.  gr.  equals  1.180  (20^).  It  is  somewhat 
soluble  in  water,  and  very  readily  soluble  in  ether.     The  alkali  car- 

CH,— C— Nn. 
bonates  rearrange  it  into  methyl-oxythiazole^  \       yo, .  OH  (B.  25, 

HC— S  / 

3648). 

Thiocyanacetic  Acid,  CNS .  CH, .  COLH,  Sulphocyanacetic  Acid,  is  formed 
by  the  action  of  chloracetic  acid  upon  KCfNS.  It  is  a  thick  oil.  Its  ethyl  ester ^ 
irom  chloracetic  ester,  boils  at  about  220^  C. 

On  boiling  the  latter  with  concentrated  hydrochloric  acid,  it  takes  up  water,  loses 

CH,— S     ^ 
alcohol,  and  rhodanacetic  acid,   j         xr«     ^^»'"  formed  (A.  249,  27). 

These  heterocyclic  bodies,  derived  from  the  products  of  the  interaction  of  ammo- 
nium sulphocyanide  with  a-chlorketones  and  a-chlor-fatty  acids,  belong  to  the  class 
of  ihioMoles, 

Mustard  Oils,  Esters  of  Isothiocyanic  Acid^  Alkyl  Thiocarbimides, 

The  esters  of  isothiocyanic  acid,  CS :  NH,  not  known  in  a  free  con- 
dition, are  termed  mustard  oils,  from  their  most  important  representa- 
tive.    They  may  also  be  considered  as  sulphocarbimide  derivatives. 

They  are  produced  (i)  by  the  rearrangement  of  the  isomeric  alfyl 
sulphocyanides  on  the  application  of  heat  (p.  422)  : 

CNS .  CjHj ^  CS  =  NCjHj. 
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(2)  By  mixing  carbon  disulphide  with  primary  amines  in  alcoholic 
or,  bhctter,  ethereal  solution.  By  evaporation  we  get  amine  salts  of 
alkyl  carbamic  acids  (B.  33,  282).  On  adding  silver  nitrate,  mercuric 
chloride  (B.  29,  R.  651)  or  ferric  chloride  (B.  8,  108)  to  the  aqueous 
solution  of  these  salts,  formed  with  primary  amines,  and  then  heating 
to  boiling,  the  metallic  compounds  first  precipitated  decompose  into 
metallic  sulphides,  hydrogen  sulphide  and  mustard  oils,  which  distil 
over  with  steam. 

^S<NHC,H,  »NQ,A«:  NHC,H, ^  2CS=NC,H, 

^S .  NH,(C,H,)  ^  ^^^SAg  ^  Ag,S  -f   h;s: 

Hofmann's  mustard  oil  test  for  the  detection  of  primary  amines 
(p.  166)  is  based  on  this  behavior  (B.  z,  170). 

Iodine,  too,  forms  mnstaid  oils  from  the  amine  salts  of  the  dithiocaibamic  acids, 
but  the  yield  is  small. 

(3)  By  distilling  the  dialkylic  thio-ureas  (see  these)  with  phosphorus 
pentoxide  (B.  15,  985),  and  (4)  by  heating  the  isocyanic  esters  with 
P,S|  (B.  18,  R.  72). 

Properties, — The  mustard  oils  are  liquids,  almost  insoluble  in  water, 
and  possess  a  very  penetrating  odor,  which  provokes  tears.  They  boil 
at  lower  temperatures  than  the  isomeric  thiocyanic  esters. 

Transformations, — (i)When  heated  with  hydrochloric  acid  to  100**, 
or  with  H,0  to  200°,  they  break  up  into  amines y  hydrogen  sulphide, 
and  carbon  dioxide : 

CS :  N .  CjHj  +  2H,0  =  CO,  +  SH,  +  NH, .  C^H^. 

(2)  On  heating  with  a  little  dilute  sulphuric  acid,  carbon  oxysuiphidey 
COS,  is  formed,  together  with  the  amine.  (3)  When  heated  with  car- 
boxylic  acids  they  yield  monoacidyl  acid  amides  and  COS ;  and  (4) 
with  carbonic  anhydrides,  diacidyl  amides  and  COS  (B.  a6,  2648). 
(5)  Nascent  hydrogen  (zinc  and  hydrochloric  acid)  converts  them  into 
thio-formaldehyde  and  primary  amines: 

CS :  N .  C,H,  +  2H,  =  CSH,  +  NH, .  CjHj. 

(6)  When  the  mustard  oils  are  heated  with  absolute  alcohol  to  100**, 
or  with  alcoholic  potash,  they  pass  into  sulph-urethanes.  (7)  They 
unite  with  ammonia  and  amines,  yielding  alkylic  thio-ureas  (see 
these).  (8)  Upon  boiling  their  alcoholic  solution  with  HgO  or 
HgCl,,  a  substitution  of  oxygen  for  sulphur  occurs,  with  formation  of 
esters  of  isocyanic  acid.  These  immediately  yield  the  dialkylic  ureas 
with  water  (see  p.  398).  (9)  Consult  A.  285,  154,  for  the  action  of 
the  halogens  upon  the  mustard  oils. 

Methyl  Mustard  Oil,  CS :  N .  CH,,  methyl  isosulphocyanic  ester,  methyl  sulpho- 
earbtmide,  melts  at  34°  and  boils  at  1 19°. 

yl  Mustard  Oil  boils  at  133°,  and  has  a  specific  grayity  1. 019  at  o^.   Propyl 
I  Oil  boils  at  I  S3**.     Isopropyl  Mustard  Oil  boils  at  137**. 
yl  Mustard  Oil  boils  at  167^.    Isobutyl  Mustard  Oil  boils  at  162**. 
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Tertiary  Butyl  MusUrd  Oil  boils  at  142®.  n-Hezyl  Mustard  Oil  boils  at 
2I2<».  Heptyl  Mustard  Oil  boils  at  238<>  (B.  29,  R.  651).  Secondary  Octyl 
Mustard  Oil  boils  at  232^*. 

The  most  important  of  the  mustard  oils  is  the  common  or — 
Allyl  Mustard  Oil,  CS :  N .  QHs,  AUyl  Isosulphocyanic  Ester,— 
This  is  the  principal  constituent  of  ordinary  mustard  oil,  which  is  ob- 
tained by  distilling  powdered  black  mustard  seeds  (from  Sinapis  nigra)y 
or  radish  oil  from  Cochlearia  armoracia^  with  water.  Mustard  seeds 
contain  potassium  myronaie  (see  Glucosides),  which  in  the  presence 
of  water,  under  the  influence  of  a  ferment,  myrosin  (also  present  in 
the  seed),  breaks  up  into  grape  sugar,  primary  potassium  sulphate,  and 
mustard  oil. 

The  reaction  occurs  even  at  o^,  and  there  is  a  small  amount  of  allyl 
sulphocyanate  produced  at  the  same  time : 

Cu,H„KNOiaS,  =  C;,HuO,  +  SO4KH  +  CS .  N .  CjHj. 

Mustard  oil  is  artificially  prepared  by  distilling  allyl  iodide  or  bro- 
mide with  alcoholic  potassium  or  silver  thiocyanate  (Gerlich,  A.  178, 
80):       . 

CN.  SK  -h  c:;h,i  =  CS.N. C^Hj  -h  KI ; 

a  molecular  rearrangement  occurs  here  (p.  52). 

Pure  allyl  mustard  oil  is  a  liquid  not  readily  dissolved  by  water, 
and  boiling  at  150.7^ ;  its  specific  gravity  equals  1.017  at  10^.  It  has 
a  pungent  odor  and  causes  blisters  upon  the  skin.  When  heated  with 
water  or  hydrochloric  acid  the  following  reaction  ensues : 

CS:  N.  C^H,  +  2H,0  =  CO,  +  SH,  +  NH,.  C,Hj. 

It  unites  with  aqueous  ammonia  to  form  allyl  thio-urea.  When 
heated  with  water  and  lead  oxide  it  yields  diallyl  urea. 

Acidyl  thioearhimides  are  produced  by  the  action  of  fatty-acid  chlorides,  dissolved 
in  benzene,  upon  lead  solphocyanide.  Valeryl  thiocarbimide^  C^H^CO .  N :  CS  (B. 
ag,  R.  85),  and  Carboxethyl  tAtocarh'miitt,  C^Kfi.  CO,  If  :CS,  boiling  at  66<* 
(21  mm.)  (B.  29,  R.  5x4),  were  obtained  in  thb  manner. 

TAio-  or  sulphocyanuric  Acidf  C,N,(SH),,  corresponds  to  cyan  uric  acid.  Isothio- 
cyanuric  acid  is  as  little  known  as  isocyanuric  acid.  Thiocyanuric  acid  results  from 
cyanuric  chloride  (p.  421)  and  potassium  sulphydrate.  It  consists  of  small  yellow 
needles,  which  decompose  but  do  not  melt  above  200^. 

Its  esters  result  when  cyanuric  chloride  and  sodium  mercaptides  interact,  i^nd  by  the 
polymerization  of  the  thiocyanic  esters,  CN  .  SR,  when  heated  to  180^  with  a  little 
HCl.     More  HQ  causes  them  to  split  up  into  cyanuric  acid  and  mercaptans. 

Methyl  Ester,  C^N,(S .  CH,)„  melts  at  188**,  and  with  ammonia  yields  mela- 
mine  (p.  427). 

Isoihiocyanuric  Esters^  C^S5(NR^)„  appear  to  have  been  formed  by  the  polymeriza- 
tioo  of  mustard  oils  with  potassium  acetate  (B.  25,  876). 

36 
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CYANAMIDB  AND  THE  AMIDS8  OP  CYANURIC  ACID. 

Cyanamide,  CN .  NH,,  the  nitrile  of  carbamic  acid,  absorbs  water 
and  passes  into  urea,  the  amide  of  carbamic  acid.  It  manifests  certain 
reactions,  which  would  rather  point  to  its  being  NH  =  C  =  NH,  car- 
bodiimide.  A  definite  decision  as  to  which  of  the  two  formula  possi- 
bilities is  the  correct  one  cannot  be  given.  It  is  formed  (i)  by  the 
action  of  chlor-  or  brom-cyanogen  upon  an  ethereal  or  aqueous  solu- 
tion of  ammonia  (Bineau,  1838;  Clo6z  and  Cannizzaro,  185 1): 

CNQ  +  2NH,  =  CN .  NH,  +  NH^Q ; 

and  also  (2)  by  the  desulphurizing  of  thiourea  by  means  of  mercuric 
chloride  or  lead  peroxide  (mercuric  oxide  is  preferable)  (B.  x8,  461) : 

(3)  By  mixing  urea  with  thionyl  chloride : 

CO(NH,),  +  SOCl,  =  CN,H,  +  SO,  +  2Ha. 

It  forms  colorless  crystals,  easily  soluble  in  water,  alcohol,  and  ether, 
and  melting  at  40^.  If  heated  it  polymerizes  to  dicyandiamide  and 
tricyan-triamide  (melamine).  It  forms  salts  with  strong  acids,  but 
these  are  decomposed  by  water.  It  also  forms  salts  with  metals. 
An  ammoniacal  silver  nitrate  solution  throws  down  a  yellow  precipi- 
tate, CN,Ag„  from  its  solutions. 

Transpositions, — (i)  By  the  action  of  sulphuric  acid  or  hydrochloric 
acid,  it  absorbs  water  and  becomes  urea.  (2)  H,S  converts  it  into 
thio-urea,  and  (3)  NH,intoguanidine  (p.  411),  while  substituted  guan- 
idines  are  produced  upon  introducing  the  hydrochlorides  of  primary 
amines. 

Alky  lie  Cyanamides  are  obtained  (l)  by  letting  qrAnogen  chloride  act  upon  primary 
amines  in  ethereal  solution ;  (2)  by  beating  tbe  corresponding  tbio-ureas  with  mer- 
curic oxide  and  water. 

Methyl  Cyanamide,  CN,H(CH,)  and  Ethyl  Cyanamide,  CN,H(C,Hj),  are 
non-crystallizable,  thick  syrups  with  neutral  reaction.  They  are  readily  converted 
into  polymeric  isomelamine  derivatives. 

AUyl  Cyanamide,  CN2H(C,H5),  called  Sinamine^  is  obtained  from  allylthiovirea. 
It  is  crystalline  and  polymerizes  readily  into  triallylmeJamine  (see  below). 

Dialkylic  Cyanamides. — Diethyl  Cyanamide,  CN .  N(C,H^),,  is  prepared  by  the 
interaction  of  silver  cyanamide  (which,  therefore,  has  the  formula  CN .  NAg,)  and 
ethyl  iodide.  It  is  a  liquid,  boiling  at  186-190°.  Boiling  hydrochloric  acid  resolves 
it  into  CO,.  NH„  and  diethylamine,  NH^C,!!^),. 

Another  dialkylic  carbodiimide  is  Di-n-propyl-carbodi'tmide^  C  (  =  N .  C|Hf)„ 
boiling  at  177°,  and  obtained  from  sym.  dipropylthiourea  by  means  of  HgO  (fi.  a(6, 
R.  189). 


AMIDES  OF  CYANURIC  ACID. 
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AMIDES  OP  CYANURIC  ACID  AND  IMIDBS  OF  ISOCYANURIC  ACID. 

Three  amides  are  derived  from  cyanuric  acid,  and  three  imides  from  hypothetical 
isocyanuric  acid,  the  pseudo-  form  of  cyanic  acid : 
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Melamine,  C^N,(NH,^,  (see  above),  Cyanuramide,  is  obtained  as  sulpho- 
cyanide  by:  (i)  The  rapid  heating  of  ammonium  sulphocyanide  (together  with 
melam  and  mtUm),  (2)  The  polymerization  of  cyanamide  or  dicyandiamide  on 
heating  to  150°  (together  with  melam) ;  ^3)  by  heating  methyl  trithiocyanuric  ester 
to  iSo^  with  concentrated  ammonia;  and  (4)  by  heating  cyanuric  chloride  to  100^ 
with  concentrated  ammonia  (B.  z8,  2765) : 

CjNjCl,  +  6NH,  =  C,N,(NH,),  +  jNH^Q. 

Melamine  is  nearly  insoluble  in  alcohol  and  ether.  It  crystallizes  from  hot  water 
in  shining  monoclinic  prisms.  It  sublimes  on  heating  and  decomposes  into  melam 
and  NH,.     It  forms  crystalline  salts  with  I  equivalent  of  acid. 

On  boiling  with  alkalies  or  acids  melamine  splits  off  ammonia  and  passes  suc- 
cessively into  ammeline^  C^H.N^O  =  C,N,(NH,), .  OH  (a  white  powder  insoluble 
in  water,  but  soluble  in  alkalies  and  mineral  acids)  (B.  ai,  R.  789);  ammelide^ 
QH^N^O,  =  CLN,(NH,)(OH),,  a  white  powder  that  forms  salts  with  both  acids  and 
bases,  and  finally  cyanuric  acid,  C,N,(OH),  (B.  19,  R.  341).  Potassium  cyanate 
is  directly  formed  by  fusing  melamine  with  KOH. 

ifeUnorenic  Acid,  QH^N^O,,  from  melam  and  melem  (p.  428),  when  heated 
with  concentrated  H,S04,  is  probably  identioU  with  ammelide  (B.  zg,  R.  341),  or  it 
it  the  isomeric  isocyannrimide  (B.  z8,  3106). 

Alkyl  Derivatives  of  the  Melaminea. 

While  melamine  is  only  known  in  one  form  as  cyanurtriamide,  two  series  of 
isomeric  alkyl  derivatives  exbt — obtained  from  normal  melamine  and  hypothetical 
isomelamine : 


(I)     C,N,(NHRO,  and  C,H,(NR^,),. 
Normal  Alkylmelamfnes 


(2)    C,N.H,(NR^),. 
Isoalkylmelamioea. 
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These  are  distinguished  from  each  other  not  only  in  the  manner  of  their  prepara- 
tion, but  also  in  their  transpositions. 

(i)  Normal  Alkylmelamines  are  obtained  from  the  tiitfaiocymmuic  esters,  C,K|- 
(S .  CH,),,  and  from  cyanuric  chloride,  CgN|Cl,,  upon  heating  with  primaiy  and 

secondary  amines  (B.  x8,  R.  498):   C,N,C1,  -f  3NH(CH,),  =  C,N,  (  N^"*) 

-f-  3HCI.  Heating  with  concentrated  hydrochloric  acid  causes  them  to  split  up  into 
cyanuric  acid  and  the  constituent  alkylamines. 

Trimethylmelamine,  C,N,(NH .  CH,),,  dissolves  readily  in  water,  alcohol  and 
ether.  It  melts  at  130°.  Triethylmelamine,  C^N,(NH .  C|Hg),,  crystallizes  in 
needles  and  melts  at  74°  C. 

Hezametbylmelamine,  ClN,rN(CH,)2],,  consists  of  needles,  melting  at  171^  C. 
Hezaethylmelamine,  C3H,[N(C,H5)|],,  is  a  liquid,  and  is  decomposed  by  hydro- 
chloric acid  into  cyanuric  acid  and  3  molecules  of  diethylamine. 

(2)  Alkylisoroelamines  are  formed  by  the  polymerization  of  the  alkylcyan- 
amides,  CN  .  NHR^,  upon  evaporating  their  solutions  (obtained  from  the  alkylthio- 
ureas  on  warming  with  mercuric  oxide  and  water).  They  are  crystalline  bodies. 
When,  heated  with  hydrochloric  acid  they  3rield  cyanuric  esters  and  ammonium 
chloride  (B.  z8,  2784). 

Trimethylisomelamine,  C,N,H,(N  .  CH,),  +  3H,0,  melts  at  179**  when  anhy- 
drous. It  sublimes  at  about  zoo°.  Triethylisomelamine,  C,N3H3(N  .  C,Hg),  -f- 
4H2O,  consists  of  very  soluble  needles.  Consult  Hofnuuin,  B.  z8,  3217,  for  the 
phenyl  derivatives  of  the  mixed  melamines  (also  amide  and  imide  bodies). 


COMPLEX  CYANAMIDES. 

Melam.  C,H,N„  =  [(NH,),C,N,1,NH  (?),  Melem,  C^HJ^,^  =  r(NH,)C,N,- 
(NH)],  (?),  and  Mellon,  C,H,N,  =  C:j,N,(NH)jC,N,  (?),  are  produced  on  igniting 
ammonium  sulphocyanide.  The  first  two  are  formed  at  200°,  and  the  latter  at  a  red 
heat.     They  are  amorphous  white  substances  (B.  zg,  R.  340). 


zo.  DIBASIC  ACIDS,  DICARBOXYLIC  ACIDS. 

A.  PARAFFIN  DICARBOXYLIC  ACIDS,  OXALIC  ACID  SERIES, 

C,H,,^0„  C,H,„(CO,H),. 

The  acids  of  this  series  contain  two  carboxyl  groups,  and  are  there- 
fore dibasic.  They  differ  very  markedly  from  each  other  on  the  appli- 
cation of  heat,  depending  upon  the  position  of  the  carboxyl  groups. 
Oxalic  acidy  CO,H  .  COjH,  the  first  member  of  the  series,  breaks  down 
on  heating  mostly  into  CO^,  CO  and  water,  and  in  part  into  CO,  and 
formic  acid.  The  nature  of  the  latter  decomposition  is  characteristic 
of  all  those  homologues  of  oxalic  acid,  in  which  the  two  carbozyls  are 
attached  to  the  same  carbon  atom — the  i5-dicarboxylic  acids,  e,  g. , 
malonic  acid,  CH,(CO,H),.  The  latter  acid  and  all  numo-  and  di- 
alkylic  malonic  acids  decompose  on  heating  at  the  ordinary  pressure 
into  acetic  acid  (also  mono-  and  dialkylic  acetic  acids)  with  the  elim- 
ination of  CO,.     Malonic  acid  is  the  type  of  these  acids : 

CH,<^^«|J  =  CH,.  CO,H  +  CO,. 
Malonic  Ac\d  kc^Ac  KK\d, 
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On  the  other  hand,  when  the  two  carboxyl  groups  are  attached  to 
adjacent  carbon  atoms,  as  in  ordinary  or  ethylene  succinic  acid, 
CO,H  .  CH, .  CH, .  CO,Hy  and  in  the  alkylic  ethylene  succinic  acids, 
then  these  ^^-dicarboxylic  acids,  when  heated,  do  not  give  up  CO,,  but 
part  with  water  and  pass  into  anhydrides^  which  can  also  be  prepared 
in  other  ways,  whereas  the  anhydrides  of  the  malonic  acids  are  not 
known.     Ethylene  succinic  acid  is  the  type  of  these  acids : 

CH,.C0BiF    CH,.CO 

<!:H;.coSriH;.co>°  +  "'°- 

Ethylene  Succinic        Succinic  Anhydride. 
Acid 

Glutaric  acid,  or  normal  p3rrotartaric  acid,  COsH .  CH, .  CH, .  CH,  .- 
CO,H,  in  which  the  two  carboxyl  groups  are  attached  to  two  carbon 
atoms,  separated  by  a  third,  behaves  in  this  manner.  Like  succinic 
acid,  it  yields  a  corresponding  anhydride  when  it  is  heated.  All 
acids,  which  can  be  regarded  as  alkylic  glutaric  acids,  conduct  them- 
selves analogously : 

<^H,<8il; ;  ^;il  =  ch,<ch.  ;  ^o  +  h.o. 

Glutaric  Acid  Glutaric  Anhydride. 

When  the  carbon  atoms,  carrying  the  carboxyl  groups,  are  separated 
by  two  carbon  atoms  from  each  other, — e,  g.,  adipic  acid,  CO,H .  - 
CH| .  CH, .  CH, .  CH, .  CO,H, — they  do  not  influence  one  another 
on  the  application  of  heat. 

Therefore,  the  numerous  paraffin  dicarboxylic  acids  are  arranged  in 
different  groups,  and  after  oxalic  acid  the  malonic  acid  group,  the 
succinic  acid  group,  and  the  glutaric  acid  group  will  be  discussed. 
Then  will  follow  adipic  acid,  suberic  acid,  sebacic  acid  and  others 
not  belonging  to  any  one  of  the  three  acid  groups  mentioned  above. 

Formation. — The  most  important  general  methods  are — 

(i)  Oxidation  of  {a)  diprimary  glycols,  (Ji)  primary  oxyaldehydes, 
(^)  dialdehydes,  {a)  primary  oxyacids,  and  (/)  aldehyde  acids  (p.  363) : 


CH, .  OH  COOH  CHO CO,H ^CO,H 

(in,.  OH  imfin         ino  ioH  io,H 

Glycol  Glycollic  Acid  Glyoxal         Glyozylic  Acid        Oxalic  Acid. 

The  dibasic  acids  are  also  formed  when  the  fatty  acids  and  the  acids 
of  the  oleic  acid  series,  as  well  as  the  fats,  are  oxidized  by  nitric  acid. 
Certain  hydrocarbons,  C.Hte)  have  also  been  converted  into  dibasic 
acids  by  the  action  of  potassium  permanganate. 

(2)  By  the  reduction  of  unsaturated  dicarboxylic  acids : 

CH .  CO.H  CH, .  CO.H 

J  '      +  2H  =  I   ^ 

CH.CO.H  CHj.CO.H 

Pttmaric  Acid  Ethylene  Succinic  Acid. 
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(3)  When  oxydicarboxylic  acids  and  halogen  dicarboxylic  acids  are 
reduced. 

Nucleus-synthetic  Methods  of  FomuUion, — ^These  are  very  numerous 
with  the  dicarboxylic  acids. 

(4)  When  silver  in  powder  form  (B.  2,  720)  acts  upon  mono-iodo(or 
bromo-)  fatty  acids : 

CH, .  CH, .  CO.H 

^-Iodopropionic  Acid  Adipic  Acid. 

Consult  tnaikylic  glutaric  acids  for  the  abnormal  course  of  this 
reaction  when  a-bromisobutyric  acid  is  used. 

(5^:)  Conversion  of  monohalogen  substituted  fatty  acids  into  cyan- 
derivatives,  and  boiling  the  latter  with  alkalies  or  acids  (pp.  240  and 
266) : 

CH, .  CN  CO.H 

60  oh  +  ^«'^  =  ^"'<co;h  +  ^«' 

Cyanacetic  Acid  Malonic  Acid. 

(5^)  Conversion  of  the  halogen  addition  products  of  the  alkylens, 
CnHn,,  into  cyanides  and  the  saponification  of  the  latter: 


CH, .  CN  CH, .  CO,H 

-h  4H,0  =   I 
CN  CH, .  CO,H 


CH,. 


Only  Ike  halogen  products  having  their  halogen  atoms  attached  to 
two  different  carbon  atoms  can  be  converted  into  dicyanides, 

(6)  In  the  synthesis  of  the  mono-  and  dialkylic  malonic  acids  it  is 
of  the  first  importance  to  replace  the  hydrogen  atoms  of  the  CH,  group 
of  the  malonic  acid  in  its  esters  by  alkyl  groups,  just  as  was  done  in 
the  case  of  acetoacetic  ester  (p.  373).  This  reaction  will  be  more 
fully  developed  in  the  malonic  acid  group  (p.  439). 

(7)  By  the  electrolysis  of  concentrated  solutions  of  alkyl  ether 
potassium  salts  of  the  dicarboxylic  acids  (see  electrolysis  of  the  mono- 
carboxylic  acids  (pp.  76,  83,  243)  : 

CH, .  CO, .  C,Hk  CH, .  CO, .  C,Hit 

2   I  +  2H,0  =   I  +  2CO,  +  2KOH  -f  2H. 

CO,K  CH,  .  CO, .  CjHj 

Potassium  Ethyl  Succinic  Diethyl 

Malonate  Ester. 

(8)  A  very  general  method  for  the  synthesis  of  dibasic  acids  is 
founded  upon  the  transposition  of  acetoacetic  esters.  Acid  residues 
are  introduced  into  the  latter  and  the  products  decomposed  by  con- 
centrated alkali  solutions  (p.  375).  Thus,  from  acetomalonic  ester  we 
get  malonic  acid : 

CH. .  CO .  CH<CO.  •  C.H.  yield,  CH,<^.« ; 
Acetomalonic  E«itci  \K.i\n»uV:  kcld« 
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and  from  acetosuccinic  ester,  succinic  acid  : 

CH..C0.CH/^"-^°'-^"«  yield.  ?««-^°««. 
^CO,.C,Hj  CH,.CO,H 

Acetosaccinic  fester  Succinic  Acid. 

(9)  Tricarboxylic  acids,  containing  two  carboxyl  groups  attached  to 
the  same  C-atom,  split  off  CO,  and  yield  the  dibasic  acid.  Ethane 
tricarboxylic  acid  yields  succinic  acid. 

Isomerism, — ^The  possible  structural  isomerides  of  the  dicarboxylic 
acids  depend  upon  whether  the  two  COOH  groups  are  attached  tr 
two  different  carbon  atoms  or  to  a  single  carbon  atom.  Isomerides  of 
the  first  two  members  of  the  series — 

,     CO,H  CO,H 

Oxalic  Acid  Malonic  Acid 

are  not  possible.     For  the  third  member  two  structural  cases  exist : 

CH, .  CO JI  CO,H 

iXS     L,/  ^^,,  and  CH,.CH<^  *    . 

V3/    tH,.CO,H  •  ^CO,H 

Ethylene  Dicarboxylic  Acid,  Ethidene  Dicarboxylic  Acid, 

Succinic  Acid  Isosuccinic  Acid. 

There  are  four  possible  isomerides  with  the  formula  C,Hj<^q«2, 
etc.;  all  are  known : 


CH, .  CO,H 
(4)   CJH, 

CH, .  CO,H 

CH, .  CO,H 
6h  .  CO,H 

(in. 

CH(CO,H), 

c!h, 
(Jh, 

CH, 

(|(C0,H), 
CH, 

Glutaric  Acid, 
B-Pyrolartaric  Add 

Ord.  Pyrotartaric 
-  Acid 

Ethyl  malonic 
Acid 

Dimethyl  malonic 
Acid. 

(5)  The  fifth  member  of  the  series,  the  acid  C4H,(C0,H)„  has  nine 
possible  isomerides ;  all  are  known  : 

(a)  Adipic  acid— CO,H[CH,]4CO,H. 

{d)  a-  and  /9-Methyl  glutaric  acid. 

(c)  Sym.  and  unsym.  dimethyl  succinic  acid,  ethyl  succinic  acid. 

(//)  Propyl-,  isopropyl-,  and  methyl-ethyl  malonic  acids. 

(6)  There  are  twenty-four  imaginable  isomerides  of  the  sixth 
member — the  acids  C5H,o(CO,H),  (A.  292,  134). 

Nomenclature  (p.  57). — While  the  names  of  the  older  dicarboxylic 
acids — e.  g,,  oxalic,  malonic,  succinic,  etc. — recall  the  occurrence  or 
the  methods  of  making  these  acids,  the  names  of  those  acids  which 
have  been  synthetically  prepared  from  malonic  esters  are  derived  from 
malonic  acid,  e.  g,y  methylmalonic  acid,  dimethyl  malonic  acid.  The 
names  of  the  alkyl-ethylene  succinic  acids,  etc.,  have  been  derived  from 
ethylene  succinic  acid. 

The  "Geneva  names"  are  deduced,  like  those  for  the  mono-car- 
boxylic  acids^  from  the  corresponding  hydrocarbons ;  oxalic  acid  = 
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[Ethan-diacid] ;  malonic  acid  =  [Propan-diacid] ;  ethylene  succinic 
acid  =  [Butan-diacid].  The  bivalent  residues  linked  to  the  two  hy- 
droxy Is  are  called  the  radicals  of  the  dicarboxylic  acids — t.  g.^ 
CO .  CO,  oxalyl ;  CO .  CH, .  CO,  malanyl,  and  CO .  CH, .  CH, .  CO, 
succinyL  The  melting  points  of  the  normal  dicarboxylic  acids  exhibit 
great  regularity.  The  members  containing  an  even  number  of  carbon 
atoms  melt  higher  than  those  with  an  odd  number  (Baeyer,  p.  62). 

Derivatives  of  the  Dicarboxylic  Acids. — It  has  been  indi- 
cated in  connection  with  the  monocarboxylic  acids  (p.  223)  what 
derivatives  of  an  acid  can  be  obtained  by  a  change  in  the  carboxyl 
group.  As  might  well  be  expected,  the  derivatives  of  the  dicarboxylic 
acids  are  exceedingly  more  numerous,  because  not  only  the  one  group, 
but  both  carboxyls  can  take  part  in  the  reaction.  The  heterocyclic 
derivatives  of  the  ethylene  succinic  and  glutaric  acid  groups  are 
particularly  noteworthy.     They  are  the  anhydrides  (p.  429)  and  the 

CH, .  CO 
acid    imideSf    e,    g,,    succinimide,    a„    co^^^^*    *°^    gUilan'mide, 

CH,<™«  •  ™>NH.    They  have  been  previously  mentioned. 

OXALIC  ACID  AND  ITS  DERIVATIVES. 

(i)  Oxalic  Acid,  [Ethan-diacid],C,04H,  {Acidum oxaHcum) fOCCMi^ 
in  many  plants,  chiefly  as  potassium  salt  in  the  different  varieties  of 
Oxalis  and  Rumex.  The  calcium  salt  is  often  found  crystallized  in 
plant  cells ;  it  constitutes  the  chief  ingredient  of  certain  calculi.  The 
acid  may  be  prepared  artificially  (i)  by  oxidizing  many  carbon  com- 
pounds, such  as  sugar,  starch  and  others,  with  nitric  acid. 

Frequent  mention  has  been  made  of  its  formation  in  the  oxidation 
of  glycol,  glyoxal,  glycollic  acid  and  glyoxalic  acid  (pp.  295,  429). 

(2)  From  cellulose :  by  fusing  sawdust  with  caustic  potash  in  iron  pans 
at  200-220°.  The  fusion  is  extracted  with  water,  precipitated  as  cal- 
cium oxalate,  and  this  then  decomposed  by  sulphuric  acid  (technical 
method). 

(3)  It  is  formed  synthetically  by  {a)  rapidly  heating  sodium  formate 
above  440°  (B.  15,  4507) : 

Clio  .  ONa  _C0  .  ONa 
CHO.ONa~io.ONa"^     •• 

by  C^)  oxidizing  formic  acid  with  nitric  acid  (B.  17,  9). 

(4)  By  conducting  carbon  dioxide  over  metallic  soditmi  heated  to 
350-360**  (A.  146,  140): 

2C0j  +  Na,  =  CjO^Na,. 

(5)  Upon  treating  their  «//^7^j,  cyancarbonic  ester  and  dicyanogen, 
with  hydrochloric  acid  or  water : 

CN  CO,H  CN 
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History, — In  the  very  beginning  of  the  seventeenth  century  salt  of  sorrel  w»s 
known,  and  was  considered  to  be  a  ▼ariety  of  argol.  Wiegleb  (1778)  recognized 
the  peculiarity  of  the  acid  contained  in  it.  Scheele  had  obtained  the  free  oxalic  acid 
as  early  as  1776  upon  oxidizing  sugar  with  nitric  acid,  and  showed  in  1784  that  it 
was  identical  with  the  acid  of  the  salt  of  sorrel.  Gay-Lussac  (1829)  discovered  that 
oxalic  acid  was  formed  by  fusing  cellulose,  sawdust,  sugar,  etc. ,  with  caustic  potash. 
This  process  was  introduced  into  practical  manufacture  in  1856  by  Dale. 

Constitution, — Free  oxalic  acid  crystallizes  with  two  molecules  of 
water  of  crystallization.  The  crystallized  acid  is  probably  ortho-oxaiic 
acid,  C(OH), .  C(OH),  (p.  224).  Ortho-esters  of  the  acid  C,(OR')a 
are  not  known,  but  esters  do  exist,  which  are  derived  from  the  non- 
isolated half- ortho-oxalic  acid^  C(0H)8 .  COjH. 

Properties  and  Transformations, — Oxalic  acid  crystallizes  in  mono- 
clinic  prisms,  which  effloresce  at  20^  in  dry  air.  Large  quantities  of 
the  acid,  introduced  into  the  system,  are  poisonous.  It  is  soluble  in 
9  parts  of  water  of  medium  temperature,  and  quite  easily  in  alcohol. 
The  hydrated  acid  melts  at  101®  if  rapidly  heated,  and  the  anhydrous 
at  189°  (B.  21,  1 901).  Anhydrous  oxalic  acid  crystallizes  from  concen- 
trated sulphuric  and  nitric  acid  (B.  27,  R.  80),  and  will  serve  as  a  con- 
densation agent  for  the  splitting  off  of  water  (B.  17,  1078).  When 
carefully  heated  to  150®  the  anhydrous  acid  sublimes  undecomposed. 
(i)  Rapidly  heated  it  decomposes  into  formic  acid  and  carbon  dioxide 
and  also  into  COt,  CO  and  water : 

CjHjO,  =  CH,0,  -f  CO, ;  CjH^O,  =  CO,  +  CO  +  H,0. 

(2)  An  aqueous  oxalic  acid  solution  under  the  influence  of  light  decomposes  into 
CO,,  H,0,  and  with  sufficient  oxygen  access,  H,0,  (B.  27,  R.  496). 

(3)  Oxalic  acid  decomposes  into  carbonate  and  hydrogen  by  fusion 
with  alkalies  or  soda-lime  : 

CjO^K,  +  2KOH  =  2C0,K,  -f-  H,. 

(4)  Heated  with  concentrated  sulphuric  acid  it  yields  carbon  monox- 
ide, dioxide  and  water. 

(5)  Nascent  hydrogen  (Zn  and  HaSO*)  converts  it  into  glycollic  acid. 

(6)  Concentrated  nitric  acid  slowly  oxidizes  oxalic  acid  to  CO,  and 
water.  However,  permanganate  of  potash  in  acid  solution  rapidly 
oxidizes  it.     This  reaction  is  used  in  volumetric  analysis. 

(7)  PClj  changes  oxalic  acid  to  POCl,,  CO,,  CO,  and  2HCI.  It  has 
also  been  possible  to  replace  2CI  by  O  in  certain  organic  dichlorides 
upon  using  anhydrous  oxalic  acid  (p.  446).  SbCls,  however,  and  ox- 
alic acid  yield  the  compound  (COOSbCU),  (A.  239,  285  ;  253,  112). 

The  oxalates^  excepting  those  with  the  alkali  metals,  are  almost  insoluble  in  water. 

The  neutral  potassium  salt,  C,04K,  -f"  ^t^*  ^^  '^^T  soluble  in  water.  The  acid 
salt^  C,04HK,  dissolves  with  more  difficulty,  and  occurs  in  the  juices  of  plants  (of 
Oxalis  and  Rumex),     Potassium  quadroxolate,  CjO^KH  .  CjO^H^  -f-  2H,0. 

Neutral  Ammonium  Oxalate ^QfiJ^^^^  -f  H,0,  consists  of^  shining,  rhombic 
prisms,  which  occur  in  left  and  right-hemihedral  crystals  (B.  z8,  1394).  The 
calcium  oxalate,  CfijCa,  -f-  H,0,  is  insoluble  in  acetic  acid,  and  serves  for  the 
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detection  of  calcium  and  of  oxalic  acid,  both  of  which  are  detennined  quantita- 
tiTcly  in  this  fonn.     The  silver  saitt  Cfi^h%^  explodes  when  quickly  heated. 

Oxalic  Esters. — The  acid  and  neutral  esters  of  oxalic  add  are  formed  simultane- 
ously when  anhydrous  oxalic  acid  is  heated  with  alcohok.  They  are  separated  by 
distillation  under  reduced  pressure  (Anschfitz,  A.  254,  i). 

CO,C,H. 
Free  Ethyl  Oxalic  Acid,  i  ,  boils  undecomposed  at  117°  under  15  mm. 

pressure.  Its  sp.  gr.  at  ao^  equals  I.2175.  Norm.  Propyl  Oxalie  Acid^  CO, .  C|H. .  • 
CC),H,  boils  at  118^  (13  mm.).  lYeserved  in  sealed  tubes,  the  alkylic  oxalic  acids 
decompose  into  anhydrous  oxalic  acid,  and  the  neutral  esters.  Distilled  at  the 
ordinary  temperature,  they  break  down  mainly  into  oxalic  ester,  CO,,  CO  and  H,0, 
and  in  part  to  CO,  and  formic  esters. 

Oxalic  Methyl  Ester,  C,0,(0 .  CH,)„  melts  at  54<»  and  distils  at  163^. 

Oxalic  Ethyl  Ester  boils  at  186^,  and  is  formed  upon  heating  oxonudonic  ester 

(B.  27,  1304).    See  p.  385  for  its  conversion  into  carbonic  ester.    Oxalic  ester,  under 

the  influence  of  sodium  ethylate,  condenses  with  acetic  ester  to  oxalaoetic  ester, 

CO|C,H. .  CO  .  CH| .  CO, .  C1H|,  and  with  acetone  to  acetone  oxalic  ester  (compare 

ckeliaontc  acid).     Zinc  and  alkyl  iodides  convert  the  oxalic  ester  into  dialkyl  oxalic 

COOCH, 
esters  (p.  33).     Ethylene  Oxalic  Ester^x       1       ,  melts  at  143**  and  hoik  at  197° 

(9  mm.)  (B.  27,  2941). 

Half-ortho-oxalic  Acid  Derivatives. — Dichloroxalic  Esters  :  When  PCI,  acts 
upon  the  neutral  oxalic  esters,  one  of  the  doubly-linked  oxygen  atoms  is  replaced  by 
2CI  atoms : 

co.o.c,Hs     ^^     ca,o.c,H5     ^^ 

I         •  *  -f  pa.  =  I  *  +  poa,. 

CO.O.C,H,^        '      (Jo.O.C,H5^  • 

These  products  are  called  dichloroxalic  esters  (B.  28,  6z  Anm.).  When  frac- 
tionated under  greatly  reduced  pressure,  they  can  be  separated  from  unaltered  oxalic 
ester.  Distilled  at  the  ordinary  pressure,  these  esters  decompose  into  alkyl  chlorides 
and  alkylic  oxalic  acid  chlorides  (see  below). 

Dimethyl  Dichloroxalic  Ester,  Ca,(OCH,)  .  CO,CH„  boils  at  72«»  (12  mm.);  its 
sp.  gr.  is  Z.3591  (20^).  Diethyl  DichhroxaUc  Ester  boils  at  85°  (10  mm.).  Di-n- 
Propyl  Dichloroxalic  i?j//r  boils  at  107°  (10  mm.). 

Half'ortho^xalic  Esters  are  produced  by  the  transposition  of  dichloroxalic  esters 
with  sodium  alcoholates  in  ether : 

COjCjHj.  CCl,.  O.  C,Hg  +  2C,HjONa  =  COjCjH^ .  C(0  .  C,H,),  +  2NaCl. 

Tetramethyl  Oxalic  Ester,  C(OCH,)j .  CO .  OCH„  boils  at  76^  (12  mm.) ;  its  sp. 
gr.  is  1.13x2.     Tetraethyl  Oxalic  Ester  boils  at  98°  (Z2  mm.)  (A.  254,  31). 

The  anhydride  of.  oxalic  acid  is  not  known.  In  attempting  to  prepare  it  CO,  and 
CO  are  produced.  However,  the  chlorides  of  the  alkylic  oxalic  acids,  and  probably 
oxalyl  chloride,  are  known. 

Chlorides  of  Alkylic  Oxalic  Acid  are  obtained  by  the  action  of  POCl,  upon  potas- 
sium alkylic  oxalates.  It  is  most  practically  prepared  by  boiling  dichloroxalic  esters 
under  the  ordinary  pressure  until  the  evolution  of  the  alkyl  chlorides  ceases  (A.  254, 
26).  They  show  the  reactions  of  an  acid  chloride  (p.  257).  With  benzene  hydro- 
carbons and  AI2CI,  they  yield  phenyl  glyoxylic  estets  and  their  homologues  (B.  14, 
1689;  29,  R.  511,  546). 

Methyl  Oxalic  Chloride,  COCl.CO,  .CH„  boils  at  I18-120O;  sp.  gr.  I.3316 
(20<»).     Ethyl  Oxalic  Chloride,  COCl .  CO, .  CjH,,  boils  at  135® ;  sp.  gr.  1.2223. 

Xi' Propyl  Oxalic  Chloride  boils  at  153°.     Isobutyl  Oxalic  Chloride  boils  at  164**. 

Aniyl  Oxalic  Chloride  boils  at  184°.     These  are  liquids  with  a  penetrating  odor. 

Oxalyl  Chloride,  C,0,C1,(?),  l>oils  at  70°.     It  has  not  been  obtained  free  from  POClj. 

'^t  i^  said  to  be  formed  wh'-n  two  molecules  of  phosphorus  oxychloride  act  upon 

'O .  OCjHg),  (B.  25,  R.  no). 
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AMIDES  OP  OXALIC  ACID. 

Oxalic  acid  yields  two  amides :  oxamic  acid,  corresponding  to  ethyl 
oxalic  acid,  and  oxamide,  corresponding  to  oxalic  ester.  Oximide  can 
be  included  with  these : 

COOCjH,  CO .  NH,  COOCjHj  CONH,  ^^^^h 

iooH  CO .  OH        iooc^H,       toNH,       bx      ^  ' 

Etbyl  Oxalic  Oxamic  Oxalic  Oxamide  Oximide. 

Acid  Acid  Ester 

NH  * 

Oxamic  Acid,  ^0,<qtt'i  melts  at  210^  with  decomposition.    Its  ammonium 

salt  (Balard,  1842)  b  produced  by  heating  acid  ammonium  oxalate;  by  boiling 
oxamide  with  ammonia,  and  by  boiling  oxamsethane  with  ammonia  (B.  zg,  3229 ;  aa, 
1569).     It  is  a  crystalline  powder,  that  dissolves  with  difficulty  in  cold  water. 

Its  esters  result  from  the  action  of  alcoholic  or  dry  ammonia  upon  the  esters  of 
oxalic  acid : 

Ethyl  Oxamic  Ester  (Oxamsethane),  C|0|<q  A  „  ,  consists  of  shining,  fatty- 
feeling  leaflets.  It  melts  at  114-1x5^  (BouUay  and  Dumas,  1828).  The  behavior 
of  oxamsethane  toward  PCL  is  important  theoretically,  because  at  Brst  it  yields 
oxanuEtkane  ch/oride.  Ethyl  Oxamine  Chloride  Ester,  a  derivative  of  half-ortho-oxalic 
acid.  This  splits  off  a  molecule  of  HCl  and  becomes  the  ethyl  ester  of  oximide 
chloride,  and  by  the  loss  of  a  second  molecule  of  HCl  passes  into  cyancarbonic  ester 
(WaUach,  A.  184,  l): 

CO .  O.C,Ht    pg,         CO .  OCjHj  -hci  ^    CO .  OC^H^  _hci      COOC,Hj 

io .  NH,  ^  (icijNH,  ^  del  =  NH  "^  (i  =  N 

Oxamaethane  ^^^'  Oxamine  Ethyl  Oximide  Cyancarbonic 

Chloride  Chloride  Ester. 

Oxamine  Ortho-trimethyl  Ether ^  CONH, .  C(0 .  CH,),,  melting  at  1 1 5°,  is  formed 
00  beating  half-ortho-oxalic  methyl  ester  with  anhydrous  methyl  alcoholic  ammonia. 
Methyl  Oxamic  Acid,  CONH(CH,) .  COjH,  melts  at  146°. 

Ethyloxamu  Add,  C,0,<q^  '  ^^6,  melts  at  I20«. 

Ethyl  DuthO'Oxamic  Ester,  C,0,<q^^^^«  (Diethyloxamsethane),  boils  at  254**. 

It  is  produced  by  the  action  of  diethylaroine  upon  oxalic  esters.     It  regenerates 

diethylamine  on  distilling  with  potash.     A  method  for  separating  the  amines  (p.  164) 

is  based  on  this  behavior. 

Oxanilic  Acid  (see  this). 

CO 
OxcUimide,    i    7>NH  (?),  is  obtained  from  oxamic  acid  by  the  aid  of  PG5  or 

PCljO  (B.  19,  3229).    The  molecule  is  probably  twice  as  large. 

Oxamide,  CiO,(NH,),»  separates  as  a  white,  crystalline  powder, 
when  neutral  oxalic  ester  is  shaken  with  aqueous  ammonia  (181 7,  Bau- 
hof).  It  is  insoluble  in  water  and  alcohol.  It  is  also  formed  on 
heating  ammonium  oxalate  (1830,  Dumas;  1834,  Liebig),  and  when 
water  and  a  trace  of  aldehyde  act  on  cyanogen,  C,N„  or  by  the 
dirfct  union  of  hydrocyanic  acid  and  hydrogen  peroxide  (2CNH  -j- 
H,0,  =  CjOjNjHJ.     Oxamide  is  partially  sublimed  when  heated,  the 
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greater  part,  however,  being  dccoin[)()scd.  When  heated  to  200°  with 
water,  it  is  converted  into  ammonium  oxalate.  P.O^  con\erts  it  into 
dicyanogen. 

The  substituted  oxamides  containing  alcohol  radicals  are  produced 
by  the  action  of  the  primary  amines  upon  the  oxalyl  esters — e.  g, : 

Sym.  Dimethyl  Ozamide  Sym.  Diethyl  Oxamide. 

Tetramctkyl  Oxamide^  [CON(CH^),]^  meltiog  at  80^,  is  obtaiDed  from  dimethyl 
u  ea  chloride  by  the  action  of  ammonia  (B.  a8,  R.  254). 

See  also  Oxanilide^  later. 

PCI^  converts  these  alkylic  oxamides  into  amide  chlorides,  which  lose  3HCI  and 
pass  into  glyoxaline  derhatives  (Wallach,  A.  184,  33;  Ji4>p,  B.  15,  2420)1:  thus 
diethyl  oxamide  yields  chlorozalmethylin,  and  diethyl  ozimide  yields  cMoroxal- 
ethylin  : 

CONHCH.aPCU    CCL.NH  .CH.-aHCl  CCINCH.-hCI  CH  — N(CH,). 

I  ^1  >|  ^W  _>CH 

CO .  NH  .  CH,       Ca, .  NHCH,  CaNCH,  CO  —  N======^ 

Dimethyl  Dimethyl  Dimethyl  Chloroxalmethylia. 

Oxamicie  Oxamide  Oximide 

Tetrachloride  Dichloride 

CONH .  NH, 
Hydrattde  and  Ilydroxyamide  of  Oxalu  Acid^  Oxalkydrazide^    \  , 

CO .  NH  .  NH, 

turns  brown  and  decomposes  at  235°.     It  is  produced  by  the  action  of  the  hydrasine 

hydrate  upon  oxalic  ester  (J.  pr  Ch.  [2]  51,  194). 

CONH .OH 
Hydroxy  I  Oxamide^  1  ,  melting  at  159^,  is  obtained  from  oxamaethane 

and  hydroxylamine.  Acetoxyloxamide^  NH, .  CO .  CO .  NHO .  CO .  CH,,  melts  at 
173°.  When  heated  with  acetic  anhydride  to  1 10^,  it  is  decomposed  into  cyanuric 
acid  (p.  419)*  and  acetic  acid  (A.  288,  314). 


NITRILBS  OP  OXALIC  ACID. 

Two  nitriles  correspond  to  each  dicarboxylic  acid  :  a  nitrilic  acid, 
or  a  half-nitrile,  and  a  dinitrile.  The  nitrilic  acid  of  oxalic  acid  is 
cyancarbonic^  cyanformic^  or  oxalnitHlic  acid.  It  is  only  known  in  its 
esters.  Dicyanogen  is  the  dinitrile  of  oxalic  acid.  The  kinship  of 
these  nitriles  to  oxalic  acid  is  manifested  by  their  formation  from  the 
oxamic  esters  and  oxamide  through  the  elimination  of  water,  and 
their  conversion  into  oxalic  acid  by  the  absorption  of  water  and  the 
splitting-ofT  of  ammonia: 

COOC,H,     -H,0    ^  COOCjH,  CONH,     --aHtO        CN 

ioNH,  iN  ioNH,  tN 

Oxamaethane        Cyancarbonic  Ethyl  Ester         Oxamide  Dicyanofen. 

*-  Asters ^  Cyanformic  Esters,  Nitrilo-oxalic  Esters,  are  produced  if 
— "^  with  PjOj  or  rcij  (p.  435^,  as  well  as  from  cyar 
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They  are  insoluble  in  water,  which  slowly  decomposes  them  into  CO,,  prussic  acid, 
and  alcohols.  Zinc  and  hydrochloric  acid  convert  them  into  glycocoU  (p.  354). 
Concentrated  hydrochloric  acid  breaks  them  down  into  oxalic  acid,  ammonium 
chloride,  and  alcohols.  Bromine  or  gaseous  HCl  at  loo^  transforms  the  ethyl  ester 
into  a  polymeric,  crystalline  body,  melting  at  165°,  and  by  the  action  of  cold  alkalies 
yielding  salts  ol paracyancarbonic  acid — e,g,^  (CN .  CO,K)n. 

Cyanarthoformic  Ester ^  TriethoxyacetonitriU,  Ortho  -  oxalnitriiic 
Ethyl  Ester,  CN .  C(OC,Hj)s,  boils  at  160**  (A.  aag,  178). 

Trinitroacetonitrile,  CNC(NO,)t,  melts  at  41.5°  and  explodes  at 
220^  (see  fulminuric  acid,  p.  238). 

Dicyanogen,  Oxalonitrile,  [Ethan  Dinitrile],  NC  .  CN,  is  present 
in  small  quantity  in  the  gases  ot  the  blast  furnace.  It  was  obtained 
in  181 5  by  Gay-Lussac  by  the  ignition  of  mercury  cyanide.  The 
transposition  proceeds  more  readily  by  the  addition  of  mercuric 
chloride : 

Hg(CN,)  =  C,N,  -f  Hg.     Hg(CN),  +  HgO,  =  C,N,  +  Hg,Cl,. 

Silver  and  gold  cyanides  deport  themselves  similarly.  Dicyanogen  is  most  readily 
prepared  from  potassium  cyanide.  To  this  end  the  concentrated  aqueous  solution 
of  I  part  KCN  is  gradually  added  to  2  parts  cupric  sulphate  in  4  parts  of  water.  Heat 
b  then  applied.  At  first  a  yellow  precipitate  of  copper  cyanide,  Cu(CN)„  is  pro- 
duced, but  it  immediately  breaks  up  into  cyanogen  gas  and  cuprous  cyanide,  CuCN 
(B.  x8,  R.  321): 

2S0^Ca  +  4CNK  =  Cu,(CN),  +  (CN),  -f  2S0^K,. 

Its  preparation  from  ammonium  oxalate  and  oxamide,  through  the 
agency  of  heat,  is  of  theoretical  interest.  The  same  may  be  said  of 
its  formation  upon  passing  the  induction  spark  between  carbon  points 
in  an  atmosphere  of  nitrogen  (1859,  Morren). 

Cyanogen  is  a  colorless,  peculiar-smelling,  poisonous  gas.  It  may 
be  condensed  to  a  mobile  liquid  by  cold  of — 25®,  or  by  a  pressure  of 
five  atmospheres  at  ordinary  temperatures.  In  this  condition  it  has  a 
sp.  gr*  0.866,  solidifies  at  — 34^  to  a  crystalline  mass,  and  boils  at 
— 21°.  It  bums  with  a  bluish- purple  mantled  flame.  Water  dissolves 
4  volumes  and  alcohol  23  volumes  of  the  gas. 

On  standing  the  solutions  become  dark  and  break  down  into  ammonium  oxalate 
and  formate,  hydrogen  cyanide  and  urea,  and  at  the  same  time  a  brown  body,  the 
so-called  atulmic  acid,  C^l^^fi,  separates.  With  aqueous  potash  cyanogen  yields 
potassium  cyanide  and  isocyanate.  In  these  reactions  the  molecule  breaks  down, 
and  if  a  slight  quantity  of  aldehyde  be  present  in  the  aqueous  solution,  only  oxamide 
results.  Oxalic  acid  b  produced  in  the  presence  of  mineral  acids,  C,N,  -f  4H,0  = 
C^O^H,  -f  2NH,.     Concentrated  hydriodic  acid  converts  it  into  glycocoll  (p.  354). 

On  neating  mercuric  cyanide  there  remains  a  dark  substance,  paracyanogen,  a 
polymeric  m<^ification,  (C,N.)n.  Strong  ignition  converts  it  again  into  cyanogen. 
It  yields  potassium  cyanate  with  caustic  potash. 

CN 

With  hydrogen  sulphide  cyanogen  yields  hydroflavic  acid,  C,N, .  H,S  =  J_ 

CS.NH,, 

and  hydrorubianic  acid,  C,N, .  2H,S.    These  two  compounds  may  be  considered 

thioamides. 
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Ilydrorubianic  acid  dissolves  with  difficulty  in  chloroform,  from  which  hydroflaTic 
acid  crystallizes  in  yellow,  transparent,  flat  needles,  melting  with  decomposition  4i 
87-89°  (A.  254,  262 j.  Hydrorabianic  acid  consists  of  yellow-red  needles.  Primary 
bases  replace  the  amido-groups  by  alkylic  amido-groups  (A.  a6a,  354).  It  oombiDes 
with  the  aldehydes  with  the  elimination  of  water  (B.  24,  1027). 

DiamUo-oxal  ethers  result  from  the  action  of  ammonia  upon  dichloroxalic  esters. 
They  have  not  yet  been  obtained  in  a  pure  condition.  Aniline  and  dichloroxalether 
in  cold  ethereal  solution  yield  Dianilido-oxal  ether,  CO,C,H|C(NHCgHj),OC,Hj,  a 
thick  liquid  soluble  in  ether.  At  0°  hydrochloric  acid  precipitates  from  this  ethereal 
solution  the  dichlorhydrate,  CO,C,H5C(NHC,H,  .  HC1),0 .  CjH,.  Mixed  diamido- 
ethers  can  be  obtained  by  allowing  anhydrous  ammonia  gas  to  act  upon  a  cooled, 
ethereal  solution  of  monophenylimido-oxalic  acid  dimethyl  ether.  In  this  way 
Amidoamlido'oxalic  methyl  ester,  CO,CH,.  C(NH,)(NHC.H5)0.  CH,,  is  obtained. 
It  melts  at  215°.  Imido-oxalic  Ethers:  Monoimido-oxalic  Ether,  CO,C,Hg  .C(:  NH)- 
OCjHj,  boiling  at  73°  (18  mm.),  results  from  the  action  of  a  calculated  amount  of  -f* 
n-hydrochloric  acid  upon  di  imido-oxalic  ether  (A.  288,  289).  Phenyl-imido-^xal- 
methyl  Ether,  CO,CHj .  C(  =  N  .  C^^O  .  CH,. 

Diimidooxal- Ether,  CjHsO  .  (NH)C  —  C(NH) . OCjH^.meltsat 25® andboilsat 
170°.  Its  hydrochloride  is  obtained  on  conducting  HCl  into  an  alcoholic  solution  of 
cyanogen  (B.  11,  I418)  (compare  pp.  232,  269). 

Oxa'lamidine,  NHj(NH)C  —  C(NH)NH„  results  from  the  action  of  alcoholic 
ammonia  upon  the  hydrochloride  of  oximido-ether  (B.  x6,  1655). 

HN :  C .  NH .  NH- 

Carbohydrazidine ,    Oxaldi-imide-dihydrazide,  1    vrtr*     u  »    ^^'**»     ^ 

xl xN  .  \^  •  XN  XX  •  XN  n ■ 

needles,  which  assume  a  reddish-brown  color  on  heating  and  do  not  melt  at  250®.  It 
results  from  the  union  of  cyanogen  with  hydrazine.  JMenzal carbohydratiaint  melts 
at  2i8«  (J.  pr.  Ch.  [2]  50.  253). 

Cyanimido  carbonic  Ether,  Nitrilo-oxal-imido-ether,  CN .  C( :  NH)0.  C,Hg,  boiling 
^^  50°  (30  mm.),  is  obtained  from  chlorcyanogen  or  bromcyanogen,  water,  alcohol, 
and  potassium  cyanide,  as  well  as  from  aqueous  potassium  cyanide  and  ethjl  hypo- 
chlorite (p.  148),  when  the  following  intermediate  products  probably  arise: 

KN:C.O.C,H.         KN:C.OC,H,H,oHN:C.OC,H. 

KN:  C  +  C.H.OCl  —^1  ">  L  ->  J 

^     '    '  CI  C1C:NK  CN 

This  reaction  certainly  favors  the  formula  K .  N :  C  for  potassium  cyanide,  because 
it  can  not  be  clearly  understood  with  the  formula  KCN  (A.  287,  273).  Cyan-imido- 
carbonic  ether  is  a  yellowish  oil,  with  a  sweet  and  at  the  same  time  penetrating  odor. 

ChlorethylimUoformyl  Cyanide,  Nitril-oxalo-etbyl-imide  chloride,  CN .  C(  :  NC,- 
H5)C1,  from  chlorcyanogen  and  ethyl  isocyanide  (A.  287,  302),  boils  at  126®. 

Oxaldihydroxantic  Acid.  [C:  (NOH)OH]„  melting  at  165**,  results  from  oxalic 
ester  and  hydroxylamine  (B.  27,  799,  1 105). . 

Oxaldiamidoxime,  [C(N .  OHjNH^],,  melts  with  decomposition  at  196®.  It  is 
formed  when  NH^OII  acts  (i)  upon  cyanogen  (B.  22,  1931)1  (2)  upon  cyananiline 
(B.  24,  801),  (3)  upon  hydrorubianic  acid  (B.  22,  2306).  \Xs  dibennoyi  derivatiz*e 
melts  at  222°  (B.  27,  R.  736). 

Chloro-oximido-acetic  Ester,  Ethoxalo-oxime  Chloride,  CO,C,H5.C(:NOH)a, 
melting  at  80°,  is  obtained  from  chloracetoacetic  ester  by  means  of  fuming  nitric 
acid,  and  when  concentrated  hydrochloric  acid  acts  upon  nitrol-acetic  ester  (B.  28, 
1217). 

Nitrol-acetic  Ester,  Ethoxal  nitrolic  Acid,  CO,C,H. .  C( :  NOH)  .  NO,,  from  iso- 
nitroso-acetoacetic  ester  and  nitric  acid  of  sp.  gr.  1. 2  (B.  28,  1217),  melts  at  69®. 

Formazyl  Carbonic  Acid,  CO^H  .  ^C^  ~  NHC  \\  '  ™^^^»  ^^len  rapidly  heated, 

at  162^.     It  is  produced  when  its  ester  is  saponified.     The  ester  results  firom  the 

action  of  diazo-bcnzene  chloride  (i)  upon  the  hydrazone  of  mesoxalic  ester,  (2)  upon 

sodium  maionic  ester,  and  (^3)  upon  aceloaLcetlc  ester.    Oxalic  acid  breaks  down  into 
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fonnic  acid  and  CO,,  and  formazyl  carbonic  acid  decomposes  into  formazyl  hydride 
(p.  233)  and  CO,  (H.  25,  3175.  3201). 

Parabanic  acid  and  oxalaric  acid  are  ureldes  of  oxalic  acid.     They  will  be  con* 
sidered  together  with  the  derivatives  of  uric  acid  (see  these). 


THB  MAXX>NIC  ACID  GROUP. 

Malonic  Acid  \Propan  Diacid\  CH,(CO,H),,  melts  at  132**.  It 
occurs  as  calcium  salt  in  sugar-beets,  (i)  The  acid  was  discovered  in 
1858,  by  Dessaignes,  on  oxidizing  malic  acid,  CO,H .  CH(OH) .  CH,- 
COtH,  with  potassium  bichromate  (hence  the  name,  from  malum y 
apple)  and  quercitol  with  potassium  permanganate  (B.  29,  1764).  It 
is  also  (2)  produced  in  the  oxidation  of  hydracrylic  acid,  and  (3)  of 
propylene  and  allylene  by  means  of  KMnO*.  (4)  Kolbe  and  Hugo 
Mailer  obtained  it  almost  simultaneously  (1864)  by  the  conversion  of 
chloracetic  acid  into  cyanacetic  acid,  the  nitrile  acid  of  malonic  acid, 
and  then  saponifying  the  latter  with  caustic  potash.  (5)  By  the  de- 
composition of  barbituric  acid  or  its  malonyl  urea  (see  this).  (6) 
Malonic  ester  and  CO  are  formed  in  the  distillation  of  oxalacetic  ester 
(see  this)  under  the  ordinary  pressure  (B.  27,  795). 

Preparation. — One  hundred  grams  of  chloracetic  acid,  dissolved  in  200  grains  of 
water,  are  neutralized  with  sodium  carbonate  (no  grams),  and  to  this  75  grams  of  pure, 
pulverized  potassium  cyanide  are  added,  and  the  whole  carefully  heated,  after  solu- 
tion, upon  a  water-bath.  The  cyanide  produced  is  saponified  either  by  concentrated 
hydrochloric  acid  or  potassium  hydroxide  (B.  13,  1358;  A.  204,  225).  To  obtain 
the  malonic  ester  directly,  evaporate  the  cyanide  solution,  cover  the  residue  with 
absolute  alcohol  and  lead  HCl  gas  into  it  (A.  ai8,  Z3i),or  treat  it  with  sulphuric  acid 
and  alcohol  (C.  1897,  I,  282). 

Properties, — Malonic  acid  crystallizes  in  triclinic  plates.  It  is 
easily  soluble  iii  water  and  alcohol.  Above  its  melting  point  it 
decomposes  into  acetic  acid  and  carbon  dioxide.  Bromine  in  aqueous 
solution  converts  it  into  tribromacetic  acid  and  COj,  while  iodic  acid 
changes  it  to  di-  and  tri-iodoacetic  acid  (p.  275)  and  CO,. 

Salts.— BaHum  salt,  (CjHjOOBa  +  aH.O.  The  calcium  salt,  C,H,- 
04Ca)  -|-  2H,0,  dissolves  with  difficulty  in  cold  water.  The  silver 
salt,  CtH,Ag,04,  is  a  white,  crystalline  compound. 

Esttr. — Potassium  ethyl  malonate,  from  the  ester  and  caustic  potash,  yields  ethylene 
succinic  ester  when  it  is  electrolyzed  (pp.  430,  443). 

The  neutral  malonic  esters  are  made  by  treating  potassium  cyan- 
acetate  or  malonic  acid  with  alcohols  and  hydrochloric  acid. 
These  compounds  are  of  the  first  importance  in  the  synthesis  of  the 
polycarboxylic  acids,  because  of  the  replaceability  of  the  hydrogen 
atoms  of  the  CH,-group  by  sodium. 

History. — ^This  property  was  first  observed  in  1874  by  van  t'Hoff,  Sr.  (B.  7,  1383), 
and  the  possibility  of  obtaining  the  malonic  acid  homologues,  by  means  of  it,  was 
indicated.     The  comprehensive,  exhaustive  experiments  begun  in  1879  hy  Conrad 
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in  canying  oat  cetuid  ijDtbetic  reactions  (pp.  371,  376)  (A.  104,  I      , 

Tbt  mttiyi  titer,  CH,(CO,  .  CH,)„  boils  al  iSl".  "Uit  rtiy/ tiltr  boUt  U  198°; 
its  specific  graTity  at  18°  is  1,068.  By  the  ictioD  of  sodiom  Ftbylate  upon  it  ibe  Na- 
eomponmU,  CHNaia),.C,H,),  and  CNa,(CO,,  C,Hj),  (B.  17,  1783;  14,  28S9 
Anm.),  result  Halonk  estet  is  no/  soluble  in  aqueoos  alkalirs.  Iodine  coDTerti 
both  tod-malonic  eslen  into  ethine  and  ethylene  lelnCBrboxylic  esters.  Sodium 
malonic  ester,  when  electrolried,  yields  elhane  lelracuboxylic  ester  (B.  aS,  R.  4$°)- 
Alkyl  haloids  conveit  the  sodium  malonic  esten  into  esteis  of  malonic  add  hcxno- 
logues  (B.  aS,  3616).  Tbe  malonic  esters  and  diauibenicne  cblotide  yield  pbenyl- 
bydraione  mesoialic  esters  (see  these).  Upon  heating  sodiuro  malonic  ester  to  145° 
a  condenulion  oT  3  molecules  occurs,  with  a  splitling-ofT  of  3  molentes  of  alcohol, 
and  there  remains  (he  ester  of  tri*od-pbloti^luciii  tiicaiboiyUc  add  (a  deriTatire  of 
benzene)  (B.  18,3458): 

3CHNa(C0,C,Hj),  =  C,0,Na,(CO, .  C,H,),  +  3C,H,OH. 

The  malonic  esten  and  diaiobeniene  chk»ide  yield  pheaylhydraione-mesoxaLc 
eaten  (see  these). 

Matenie  Anhydridt,  CH,<^X>0,  is  not  known  {comp.  p.  418). 

Malonit  Add  Chlorides  :  Chloride  of  Elhyl  Malonic  Ester,  CO, .  C,H, .  CH.COa, 
obtained  from  potassium  ethyl  malonate  by  tbe  action  of  PCI,,  boils  al  l70-'lKo°  (B. 
"5.  'S04)- 

Malanyl  CAlnide,  CH,(COCI),,  produced  when  SOCI,  ads  upon  malonic  acid  (B. 
M,  R- 3").  boils  «l  58"  (27  mm.). 

MaltHttmic  Elhyl  Eslir,  CO,C,H, .  CH,  .  CO  .  NH„  melting  al  so',  is  formed  upon 
beating  (he  hydrochloride  of  mono-imido-malonic  ester  (B,  aS,  479).  MalonamiiU, 
CHJCONII.l,.  melts  al  170=  B.  17,  133),  Imidomalonamidt,  NH,.CO.CH,.. 
C{:NH)Nlf,.  MaimhydrMidi.CUACO  .an  .iin,).,mc\a  at  Ija"  {J.  pr.  Ch. 
[»]  5>,  187). 

Nilrilit  0/  Malonu  Add;  CyaHacelic  Add,  Nitriloraalonic  Acid,  half  nitrile  of 
malonic  acid,  CN  .  CH,.  CO,H  (p.  439),  melts  at  70°  (B.  %-j,  R.  262).  It  dissoWes 
*ery  readily  in  water.andal  about  165°  breaks  down  into CC\  and  acelonilrile  (p.  268). 
Cyanucelii  Elhyl  Esler,  CN ,  CH,  .  CO,  ,  C,H,,  boiling  at  207°,  forms  sodium  deriva- 
tivea  like  malonic  ester,  by  means  of  which  the  hydrogen  of  the  CH,  groups  can  be 
replaced  by  alkyls  (U.  10,  R,  477)  and  acid  radicals  (B.  11,  R,  353).  Cyanacttam- 
ide,  CN.CH,  .  CONH,,  from  tbe  ester  and  ammonia,  mellsal  llS".  Cyanacelhydra- 
»ide,  CNCH,CO .  NHNH,,  melts  at  114°  (J.  pr.  Ch.  [i]  ji.  "86). 

Malononitrile,  CH,<^h,,  methylene  cyanide,  is  obtained  by  distilling  cyanacet- 
amide  with  P,0,  (C.  1897,  I,  31).  It  is  soluble  in  water.  SiWer  nitrate  precipi- 
tates CAg,(CN),  from  the  aqueous  solution  (B.  rg,  R.  485).  Hydrazine  and  malono- 
nilrile  yield  diamidopyraiole,  C,N,H,(NH,),  (B.  17,  690).  See  also  cyanoform. 
Melhrnylamidoximi-aretic  Add,  NH,(HON) :  C,CH,.CO,H.  melts  al  144°  (B. 
a7,  R.  261).  Nilnhmalimimidoxime,  Cyanilkenylamidoiime,  CN.CH,  .C(:N  .- 
l)M)NIL.  melts  al  124-117°.  Molondihydroxamic  Add,  CH,fC(  :  NOH)OHl„ 
meln  al  154' (R.  «?,  803).  Jfo/mo'<flm<^oxi«^CH,  ,  [C(  :  N  .  OH)NH,]„  welts 
at  l6l-jfi7°  (11,  sg.  1168). 

\.k-,  <'i  iiuUonic  acid  will  be  treated  later  in  connecUon  with  uric  Mdd 

'/ii/.  'i.V  Adds  are  produced  when  chlorine  and  bromine  act  upoa  malonic 
n„K  ,=L!n(B.  21.  13S6). 

onit  Ester,  CHC1{C0,.  C,Hs),.  boils  at  222".  BrBmmalonic  Estfr 
Cntpi|ip5i(ion  at  235=  (B.  34,  2993,  1997  ;  compare  also  tartronit  add). 
..,./. ,  ■>  melts  «  e's"  (C.  1897, 1,  31).  IHfklormalmk  Eslfr,  CCI,(CO,- 
,  (It  .■!l-234'*.  DiirommaiirHic  AddTae\laU.lx(i°.  Dibrom.malono- 
al  ii'.;"  (C.  1897,1,33).     Diirem-maUHic  Esltr  boils  at  145°  W'SS" 
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(25  mm.^  (B.  34,  3001 ;  compare  also  mesoxalic  acid).     The  mono-  and  dichlor-  or 
brom-malonic  acids  link  malonic  acid  to  tartronic  (p.  485)  and  mesoxalic  acids 

(P-  497). 

Alkylic  Malonic  Acids. — The  general  methods  suitable  for  the 
preparation  of  alkylic  malonic  acids  are  (i)  reaction  5a  (p.  430),  con- 
version of  a. halogen  fatty  acids  into  a-cyan-fatty  acids — the  half  nitriles 
of  the  malonic  acid  homologues;  and  (2)  reaction  6  (p.  430),  the  re- 
placement of  the  hydrogen  atoms  of  the  CHt  group  in  the  malonic 
esters  by  alkyls.  First,  with  the  aid  of  sodium  ethylate,  mono-sod- 
malonic  esters  are  made,  which  alkyl  iodides  convert  into  mopo-alkylic 
malonic  esters.  These  are  further  able  to  jrield  monosodium  alkylic 
malonic  esters,  which  alkylogens  change  to  dialkylic  malonic  esters — 

COj.CjHj  COjCjHj  COjCjHj  COjCjHj  COjC^Hj 

(!h,  H!:HNa     m1:H  .  CH, M^Na .  CH, ><!(CH,), 

(iOj.CLKs  COjCjHj  ciOjCjHg  cio,C,H.  cfOjCjHj 

Malonic  Ethyl         Sodium  Malonic     Methyl  Malonic     Sodium  Methyl  Dimethyl 

Ester  Ester  Ester  Malonic  Ester  Malonic 

Ester. 

It  has  been  previously  mentioned  under  acetoacetic  ester  (p.  373)  that  the  reaction 
consisted  in  the  addition  of  sodium  ethylate  to  the  carboxethyl  group,  with  the  split- 
ting-off  of  alcohol  and  the  production  of  a  double  union,  to  which  the  alkylogen  at- 
tached itself,  and  there  then  followed  the  elimination  of  a  sodium  halide  (A.  aSo, 
264): 

yOCjHj  ^P  TT  /OCjHj 

CO,C,H.  _^  C^H. ^  C<g^»»  ^^  C^Na     _^CO.C,H, 

CH,  CH,  CH  CHCH,  CHCH, 

(!:o,c,H5  io,c,H5        .   io.CjHj  iojC^Hj  <!:o,c,H, 

Some  of  these  dialkylic  malonic  acids  are  formed  when  complex  carbon  derivatives 
are  oxidized — e.  ^.,  dimethyl  malonic  acid  results  from  the  oxidation  of  unsymmeC- 
rical  dimethyl  ethylene  succinic  acid,  mesitonic  acid,  camphor,  etc.  The  production  of 
dimethyl  malonic  acid  in  this  manner  proves  the  presence,  in  these  bodies,  of  the 
atomic  grouping— 

cll:>c<s 

All  mono-  and  dialkylic  malonic  acids,  when  exposed  to  heat,  split  off 
COy  and  pass  into  mono-  (B.  27,  1177)  and  diaU^lic  acetic  acids  (p. 
428). 

See  Z.  phys.  Ch.  8,  452,  for  the  affinity  magnitudes  of  the  alkylic  malonic  acids. 
Consult  B.  29,  1864,  upon  the  speed  of  saponification  of  the  alkylic  malonic  esters. 

Iso-succinic  Acid,  Ethidene  Succinic  Acid,  Methyl  Malonic 
Acid  [Methyl  propan  di-acid],  melts  at  130°  with  decomposition.  It 
is  isomeric  with  ordinary  succinic  acid  or  ethylene  succinic  acid  (p. 
431),  and  is  obtained  (i)  from  a-chlor-  and  a-brom-propionic  acids 
through  the  cyanide  (B.  23,  209),  and  (2)  from  sodium  malonic  ester 
and  methyl  iodide. 
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When  ethidene  bromide,  CH, .  CHBr,,  is  heated  with  potassium 
cyanide  and  alkalies,  we  do  not  obtain  ethidene  succinic  acid  by  the 
operation,  but  by  molecular  rearrangement,  ordinary  ethylene  succinic 
acid. 

The  add  is  more  soluble  than  orduary  succinic  tcid  in  water.  If  heated  above 
130'',  it  breaks  up  into  carbon  dioxide  and  propionic  add  (p.  246).  The  etkyitUer 
boils  at  196°  ;  the  meikyi  ester  at  179®. 

a-Cyanpropionic  Ester,  CH, .  CH(CN)C0,C,H5,  boils  at  197-198®. 

Bromisosuccinic  Acid,  CH, .  CBr(CO,H)„  melts  at  I18-II9**  (B.  23,  R.  II4). 

Methyl  Brom-malonic  Ester  Xxf^'i  at  115-I18®  (15  mm.)  (B.  a6,  2356). 

Ethyl  Malonic  Acid,  CjH^ .  CH(CO,H)„  melts  at  III.5**.  The  ethyl  ester  boils 
at  200®.     Ethylbrommalonic Ester  boils  at  125®  (10  mm.)  (B.  26,  2357). 

Dimethyl  Malonic  Acid,  (CH,),C(CO,H)„  melts  at  1 17®  ;  the  ethyl  ester  \xtA:&  at 
195^.  The  nitrtle  melts  at  32^  and  boils  at  64°  ^22  mm.).  Compare  the  3d  method 
of  formation  as  given  above.  Both  acids  are  isomeric  with  pyrotartaric  add  and 
n  glularic  acid  (see  p.  431). 

In  the  case  of  the  subjoined  alkylic  malonic  acids,  the  boiling  points  of  the  etbyl 
esters  (inclosed  in  parentheses)  are  given,  together  with  the  melting  points  of  the 
acids. 

Propyhmlonic  Acid,  CH, .  CH, .  CH,CH(CO,H)„  melts  at  96«  (219-222®). 

Isopropylmalonic  Acui,  (CH,),  .  CH  .  CH(C0,H),,  melts  at  87®  (213-214®). 

Methyl-ethyl  Malonic  Acid,  CH,(C,Hj)C(CO,H),.  melts  at  Il8«  (207-208®). 
These  three  acids  are  isomeric  with  adipic  acid,  methyl  glutaric  acid,  ethyl  and 
dimethyl  succinic  acids  (see  p.  431). 

Norfn.  Butylmalonic  Acid,  CHj(CH,),.  CH(CO,H)„  melts  at  101.5®.  Istkutyl-^ 
Malonic  ^ri^ melts  at  107®  (225«).  Sec.  Butyl  Malonic  Acid,  CH,(C,H.)CH .  CH- 
(CO,H)„  melts  at  76°  (233-234OJ.  Propylmethyl  Malonic  Acid,  CH,(CH,.  CH,. 
CH,)C(CO,H)„  melts  at  lo6-l07<*  (220-223**).  Isopropy Imethy I  Malonic  Acid  int\\% 
at  124®  (221°).  Diethylmalonic  Acidxax^\&  at  121®  (A.  292,  134).  Dietkylmalonic 
Nitrile  melts  at  44°  and  boils  at  92®  (24  mm.). 

Pentvlmalonic  Acid,  CHj,(CH,)4CH(CO,H),,  melts  at  82®.  Dipropylmalonic 
Acid,[tWy .  CH,  .  CH,),C(CO,H)„  melts  at  158®.  Cetylmalonic  Acid,  CH,(CH,)i,- 
CH(CO,H),,  melts  at  I2i.5-I22<'  (A.  204,  130;  206,  357;  B.  24,  2781). 
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Ethylene  succinic  acid  and  its  alkylic  derivatives,  as  mentioned  in 
the  introduction,  are  characterized  by  the  fact  that  when  heated  they 
break  down  into  anhydrides  and  water.  The  anhydride  formation 
takes  place  more  readily  in  the  alkylic  succinic  acids,  the  more  hydro- 
gen atoms  of  the  ethylene  residue  of  the  succinic  acid  are  replaced  by 
alkvl  radicals. 

The  alkylic  succinic  acids  form  anhydrides  more  readily  with  acetyl 
chloride,  and  are  more  volatile  in  aqueous  vapor  than  their  isomeric 
alkyl-n -glutaric  acids  (A.  285,  212).  The  sym.  dialkylic  succinic 
acids  show  remarkable  isomeric  phenomena,  which  will  be  more  fully 
explained  under  the  symmetrical  dimethylsuccinic  acids  (p.  444). 

The  following  are  characteristics  of  a  succinic  acid :  (i)  the  an- 
hydride ;  (2)  the  anilic  acid,  which  appears  in  the  chloroform,  ethereal, 
or  benzene  solution  of  the  anhydride  ;  (3)  the  anil  produced  by  heat- 
ing the  anilic  acid,  or  by  the  action  of  phosphorus  pentachloride  or 
acetyl  chloride  upon  it  QA..  261, 14^  \  285,  226). 
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Ordinary  Succinic  Acid,  or  ethylene  dicarboxylic  acid,  CO,H  .- 
CHj .  CH, .  CO^H,  melting  at  185**,  is  isomeric  with  methylmalonic 
acid,  or  isosuccinic  acid  (p.  441).  It  occurs  in  amber,  in  some  varieties 
of  lignite,  in  resins,  in  turpentine  oils,  and  in  animal  fluids.  It  is 
formed  in  the  oxidation  of  fats  with  nitric  acid,  in  the  fermentation  of 
calcium  malate  or  ammonium  tartrate  (A.  24,  214),  and  in  the  alcoholic 
fermentation  of  sugar. 

In  the  general  methods  of  formation  given  on  p.  430,  ethylene 
succinic  acid  has  been  in  part  the  chosen  example.  It  is  produced  (i) 
by  the  oxidation  of  ^-butyrolactone. 

(2)  By  the  reduction  of  fumaric  and  maleic  acids  with  nascent 
hydrogen. 

(3)  By  reducing  (a)  malic  acid  (oxysuccinic  acid)  and  tartaric  acid 
(dioxysuccinic  acid)  with  hydriodic  acid,  or  by  the  fermentation  of 
these  bodies;  (^)  by  the  action  of  sodium  amalgam  upon  halogen 
succinic  acids. 

It  is  a  nucleus-synthetic  product  obtained  (4)  by  the  action  of  finely 
divided  silver  upon  brom-acetic  acid.     The  yield  is  small. 

(5a)  By  converting  /9-iodpropionic  acid  (p.  275)  into  cyanide  and 
decomposing  the  latter  with  alkalies  or  acids.  (5^)  M.  Simpson,  in 
1 861,  was  the  first  to  prepare  it  synthetically  from  ethylene,  by  con- 
verting the  latter  into  cyanide.  Succinic  acid  is  formed  on  boiling  its 
dinitrile  with  caustic  potash  or  mineral  acids : 

CHj.OH  CH,  CHjBr  CH,CN  CH, .  CO,H 

CH,  CH,  CHjBr  ^  CH,CN  CH,.CO,H. 

Ethidene  chloride  and  potassiam  cyanide  also  yield  ethylene  cyanide  (p.  441). 

(6)  The  electrolysis  of  potassium  ethyl  malonic  ester  (p.  440)  pro- 
duces succinic  ester. 

(7)  By  the  decomposition  of  aceto-succinic  esters,  (8)  of  ethane- 
tricarboxylic  acid,  (9)  of  sym.  ethane  tetracarbozylic  acid. 

Succinic  acid  crystallizes  in  monoclinic  prisms  or  plates,  and  has  a 
faintly  acid,  disagreeable  taste.  It  melts  at  180^  (185°)  and  distils 
at  235®,  at  the  same  sime  decomposing  partly  into  water  and  succinic 
anhydride.  At  the  ordinary  temperature  it  dissolves  in  20  parts  of 
water. 

Uranium  salts  decompose  aqueous  succinic  acid  in  sunlight  into 
propionic  acid  and  CO,.  The  galvanic  current  decomposes  its  potas- 
sium salt  into  ethylene,  carbon  dioxide,  and  potassium  (p.  90). 

Parac&nic  Acids^  /-lactone  carboxylic  acids,  are  fonned  when  sodiam  succinate  is 
heated  with  aldehydes  and  acetic  anhydride  (Fittig,  A.  255,  iV  When  succinic  acid, 
zinc  chloride,  sodium  acetate,  and  acetic  anhydride  are  heated  to  200**,  small  quantities 
of  aa^-dimethyl-/?-acetyl  pyrrol  (B.  27,  R.  405]  are  produced.  When  calcium  soc- 
cinate  is  distilled,  p-diketo-hexamethylene  is  produced  in  small  qnantities  (B.  2B, 

738). 

Salts,  succinates:  The  calcium  salt,  C^H^O^Ca.  separates  with  3  molecules  of 

H,0  from  a  cold  solution,  but  when  it  is  deposited  from  a  hot  liquid  it  contains  only 
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I  H,0.  When  ammonium  succinate  is  added  to  a  solutioo  ocmtaining  m,  ferric  salt, 
all  the  iron  is  precipitated  as  reddish-brown  basic  ferric  succinate  (separatioo  of 
iron  from  aluminium).  When  potassium  ethyl  succinate  is  electrolyzeid,  it  jields 
a4/ipic  ester  fp.  454)- 

Methyl  Succinic  Ester,  C,H4(CO, .  CHg),,  melts  at  \^^^  and  boils  at  8o^  under 
a  pressure  of  lo  mm. 

Ethyl  Succinic  Ester  boils  at  216^. 

Sodium  converts  them  into  succino-succinic  ester : 

CO,  .  CHg— CH  —CO .  CH, 

(Jh,— CO— CHCOjCH, 

CO 
Ethylene  Succinic  Ester,  C,H4<q^*>C,H4,  fuses  at  90®. 

Mono-alkylic  Succinic  Acids.    Pyrotartaric  Acid,  Methyl 

CH     CH    CO  H 

Succinic  Acid,       *  J.„     JL  „»  melts  at  112°.     It  was  first  obtained 

in  (i)  the  dry  distillation  of  tartaric  acid.  It  may  be  synthetically 
prepared  (2)  by  heating  pyroracemic  acid,  CH, .  CO .  CO,H,  alone  to 
170^,  or  with  hydrochloric  acid  to  loo** ;  (3)  by  the  action  of  nascent 
hydrogen  upon  the  three  isomeric  acids:  ita-,  citra-,  and  mesa-conic 
acids :  CjHeO*  +  H,  =  C5H8O4 ;  (4)  from  /9-brombutyric  acid  and 
propylene  bromide  by  means'  of  the  cyanide ;  (5)  from  a-  and  /?- 
methyl  aceto-succinic  esters;  and  (6)  from  a-  and  ^-methyl  ethane  tri- 
carboxylic acid.  The  acid  dissolves  readily  in  water,  alcohol,  and 
ether.  When  quickly  heated  above  200°  it  decomposes  into  water  and 
the  anhydride.  If,  however,  it  be  exposed  for  some  time  to  a  tem- 
perature of  200-210°,  it  splits  into  COs  and  butyric  acid.  It  suffers 
the  same  decomposition  when  in  aqueous  solution,  if  acted  upon  by 
sunlight  in  presence  of  uranium  salts  (B.  24,  R.  310). 

Strychnine  resolves  it  into  its  optically  active  components  (B.  29,  1 254). 

Potassium  Salty  C.HjO^K,.  The  calcium  salt,  C^HjO^Ca  -f  2H,0,  dissolves  with 
difficulty  in  water.  The  methyl  ester  boils  at  153®  (20  mm. ).  The  ethyl  ester  boils  at 
160^  (22  mm.).  The  dimethyl  ester  boils  at  197^.  The  diethyl  ester  boils  at  2iS<* 
(B.  26,  337). 

Ethyl  Succinic  Acid,  CO,H.  CH,.  CH(C,H5)C0,H,  melts  at  98*>.  nProfyl 
Succinic  Ester,  CO,II .  CH, .  CH(C5H,)CO,H,  melts  at  9I*»  (A.  292,  137). 

Pimelic  Acid,  Isopropyl  Succinic  Acid,  (CH,), .  CH .  CH<^^j^^^2",  was  first 

prepared  by  fusing  camphoric  acid  and  tanacetogen  dicarboxylic  acid  (B.  25,  3350) 
with  caustic  potash.  It  may  be  synthetically  obtained  from  acetoacetic  or  malooic 
esters  (A.  292,  1 37),  as  well  as  from  the  products  of  the  action  of  potassium  cyanide 
upon  isocaprolactone  at  280^  (C.  1 897,  I,  408).     It  melts  at  114^. 

Symm.  Dialkylic  Succinic  Acids,  CO,H  .  CHR'  —  CHR' .  CO,H. 

Symmetrical  dimethyl  succinic  acid  exists,  like  the  other  symmetrical  disobsd- 
tuted  succinic  acids,— ^.^.,  dibrom-succinic  acid  (p.  451),  diethyl-,  methyl -ethyl-,  di- 
isopropyl-,  and  diphenyl -succinic  acids, — in  two  different  forms,  having  the  same  struc- 
tural formulas. 

Dioxysuccinic  acid  or  tartaric  acid  occurs  in  two  active  and  two  inactire  forms 
(one  is  decomposable  and  the  other  is  not),  which  are  satisfactorily  explained  by 
van  V  Hoff 's  theory  of  asymmtXri^  e«xbou  atoms  (p.  49).    Tlie  pain  of  isomeric 
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dialkylic  sacdnic  acidi,  also  containing  asymmetric  carbon  atoms,  manifest  certain 
analogies  with  para-  tartaric  acid  (racemic  add),  and  anti-  or  m^j^-tartaric  acid. 
Hence  it  is  assumed  that  their  isomerism  is  due  to  the  same  cause.  The  higher 
melting,  more  difficultly  soluble  modification  is  called  the /ara-form,  while  the  meso' 
or  «/</f-fonn  is  more  readily  soluble,  and  melts  lower  (Bischoff,  B.  20,  2990 ;  21, 
2106).  However,  this  assumption  is  doubtful,  inasmuch  as  not  one  of  the  constantly 
ioactiTe  dialkylic  succinic  acids  has  ever  been  converted  into  an  active  variety  (B.  22, 
1819).  Bischoff  has  set  forth  a  theory  of  dynamical  isomerism  (B.  24,  1074,  1085) 
in  which  he  presents  views  in  regard  to  the  equilibrium  positions  of  the  atoms  and 
radicals,  joined  to  the  two  asymmetric  carbon  atoms,  in  the  symmetrical  dialkylic 
succinic  acids. 

These  (their  esters)  are  produced  as  follows :  By  the  saponification  of  dimethyl- 
ethane  tricarboxylic  esters  with  hydrochloric  acid ;  from  dimethyl  aceto-succinic  ester 
by  the  elimination  of  the  acetyl  group ;  by  heating  a-halogen  fatty-acids  with  re- 
duced silver  (B.  22,  60),  or  more  readily  by  the  action  of  potassium  cyanide  upon 
o-monohalogen  fatty-acids  (B.  2z,  3160) ;  by  the  reduction  of  dialkylic  maleic  anhy- 
drides, pyrocinchonic  add  (p.  466),  with  sodium  amalgam  or  hydriodic  acid  (B.  20, 
2737;  23,  644).  Both  symmetrical  dimethyl  succinic  acids  are  produced  in  all  of 
these  syntheses.     They  are  separated  by  crystallization  from  water. 

Sym,  DimeihybucHnic  Acids,  CO,H  .  CH(CH,)  —  CH(CH,)CO,H. 

The  /ara-add  is  soluble  in  96  parts  of  water  at  14^.  It  forms  needles  and 
prisms,  melting  at  192^-194^.  They  sustain  a  partial  loss  of  water  upon  melting. 
If  the  add  be  heated  for  some  time  to  180^-2001®,  it  yields  a  mixture  of  the  anhy- 
drides, C,HgO„  of  the /am-  and  «m/f-acid  (melting  at  38^'  and  87^').  With  water 
each  reverts  to  its  corresponding  acid.  When  acetyl  chloride  acts  on  the  /ara-acid, 
its  anhydride  is  the  only  product.  It  crystallizes  from  ether  in  rhombic  plates,  melts 
at  38^,  and  unites  with  water  to  form  the  pure  para-acid  (B.  20,  2741 ;  21,  317 1 ; 
2a,  389;  23,  641 ;  29,  R.  420). 

If  the/ara-acid  be  heated  to  130°  with  bromine,  it  yields  pyrocinchonic  anhydride, 
CgHfO,  (p.  466J.  Both  acids,  when  digested  with  bromine  and  phosphorus,  yield 
the  same  brom-aimethyl  succinic  acid,  C^H^BrO^,  melting  at  91°.  Zinc  and  hydro- 
chloric add  change  it  to  the  ^M/i-acid  (B.  22,  60).  The  ethyl  ester  of  the  para-acid 
(from  the  silver  salt)  hoi^%  at  2x9^ ;  the  methyl  ester  at  199®. 

The  anti-wdd.  (analogous  to  anti-tartaric  acid  and  maleic  add)  dissolves  in  33 

parts  of  water  at  14^.    It  crystallizes  in  shining  prisms,  and  fuses,  after  repeated 

crystallizations  from  water,  at  120^-123°.     It  yields  its  anhydride,  C^HgOg,  when 

heated  to  200®.     This  melts  at  87^.     It  regenerates  the  acid  with  water.     If  the 

anti-add  be  heated  with  hydrochloric  add  to  190°,  it  becomes  the  para-acid.    The 

methyl  ester  boils  at  200*^ ;  the  ethyl  ester  at  222®.     When  the  anti-add  is  etherified 

with  HQ,  it  yields  a  mixture  of  the  esters  of  the  anti-  and  para-add  (B.  22,  389, 

646;  23,  639). 

CH, .  CH  .  CO,H      ^ 
Sym,   Methyl  Ethyl   Succinic  Acids,  1  .     The  /0m -acid  melts 

C|H.  .CH .  COjH 

at  179^.     The  anti-  or  nteso-tLcid  melts  at  84^  (?)  (A.  292,  139). 

Sym.  Methyl  Isopropyl  Succinic  Acids  :  The  /am-acid  melts  at  174°,  and  the 
meso-zjAdi  at  125^  (B.  29,  R.  422). 

Symmetrical  Diethyl  Succinic  Acids. — The  para-acid  melts  about  189-192**. 
It  then  loses  water.  The  anti-acid  melts  at  129**  (B.  20,  R.  416;  2X,  2085,  2105  ; 
aa,  67;  23,650). 

Sym.  Diprapyl  Succinic  Acids  :  The  /ar/i-acid  melts  at  197^ ;  the  meso-wcvdi  at 
I78<*  (B.  22,  48). 

Sym.  Di'isopropyl  Succinic  Acid  mt\\^  at  180**  (A.  292,  1 62). 

Unsym.  Dialkylic  Succinic  Acids. 

Unsym.  Dimethyl  Succinic  Acid,  CO,H  .  CH, .  C(CH,), .  CO,H,  melting  at  140**, 
is  sjmtbetically  prepared  from  a-dimethyl  ethane-tricarboxylic  ester — the  product 
resulting  from  the  action  of  bromisobutyric  acid  upon  sodium  malonic  ester — on  t>oil- 
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ing  it  with  snlpharic  acid,  and  also  from  its  nitrile  (p.  449).  Its  imide  (p.  448) 
resulted  on  oxidizing  mesitylic  acid  (see  this).  Umym.  Methyl-ethyl  SueHnic  And 
(A.  aga,  138,  153).  (Msym.  Diethyl  Succinic  Acid,  CO,H .  CH,C(C,Hj),C0OH, 
melts  at  86*^. 

THmethyl  Stucinic  Acid,  CO,H.CH(CH,)— C(CH,),.CO,H,  melting  at  1510 
(A.  aga,  142),  is  produced  on  saponifying  the  tricarboxylic  ester  (B.  a4,  1923) 
produced  in  ue  action  of  bromisobutyric  ester  upon  sodium  methyl  malonic  ester, 
or  sodium-a-cyanpropionic  ester,  as  well  as  in  the  oxidation  of  camphoric  acid 
(B.  a6,  2337),  and  by  fusing  camphoronic  acid  with  potash  (private  communication 
from  J.  Bredt  and  Jagelki) .  The  formation  of  trimethylsuccinic  anhydride  from  cam- 
phoronic acid  by  distillation  is  rather  important  in  the  recognition  of  the  constitution 
of  camphor  (B.  a6,  3047). 

(CH,), .  C .  CO.H 

Tetramethyl  Succinic   Acid,  X  nr\^.j^'^  formed,  together  with  tri- 

methyl  glutaric  acid  (p.  454)*  when  a-bromisobutyric  acid  (or  its  ethyl  ester)  is  heated 
with  silver  (B.  as,  297  ;  a6,  1458) ;  also  by  electrosynthesis  from  potassium  dimethyl 
malonic  ester,  and  fromazo  butyronitrile  (p.  361)  (A.  aga,  220).  It  melts  about  190- 
192°.    It  parts  quite  readily  with  water  and  passes  into  the  anhydride  (p.  447). 

Chlorides  of  the  Ethylene  Succinic  Acid  Group. 

Of  the  possible  chlorides,  the  mtmochloride,  CICOCH, .  CH, .  CO,H,  is  only  known 
in  the  form  of  its  ethyl  ester,  boiling  at  144^  (90  mm.),  which  results  from  the  action 
of  POCl,  (B.  25,  2748)  upon  sodium  succinic  ethyl  ester. 

Succinyl  Chloride,  melting  at  o^  and  boiling  at  190^,  results  from  the  action  of  PCL 
upon  succinic  acid.  Formerly  it  was  given  the  formula  (i)  COCl .  CH, .  CH, .  COO 
almost  exclusively,  although  its  behavior  accorded  better  with  formula 


CH, .  CCl, 

CH,.COOH    PCI.      CH,.CO    _     PCI.   ^    CH,.CCL 
CH, .  COOH  CH, .  CO  CH, .  CO 


This  latter  view  would  make  succinyl  chloride  a  dichlor-sobstitution  product  of 
butyrolactone,  into  which  it  passes  on  reduction.  The  behavior  of  succinyl  chloride 
toward  zinc  ethide  is  in  harmony  with  its  lactone  formula,  for  it  then  yields  y-diethyl- 
butyrolactone  (p.  345),  and  in  the  presence  of  benzene  and  aluminium  chloride  it 
chiefly  aflbrds  y'diphenylbutyrolacione  (B.  24,  R.  320).  Ten  per  cent,  of  sym. 
dibenzoyl  ethane,  (^H^CO .  CH, .  CH, .  CO .  C^ H^,  is  produced  at  the  same  time. 
Probably  succinyl  chloride  is  also  a  mixture  of  much  y-dichlorbutyrolactone  and  a 
little  [l)utandiacid  chloride],  CICO  .  CH,  .  CH, .  COCl. 

Pyrotartryl  Chloride,  C^\\f>jZ\,  boils  at  190-195**  (B.  16,  2624).  Unsym, 
Dimethyhuccinyl  Chloride,  C,HgO,  .  CI,,  boils  at  200-202®  (A.  242, 138,  207). 

Anhydrides  of  the  Ethylene  Succinic  Acid  Group. 

The  easy  anhydride  formation  is  characteristic  of  ethylene  succinic 
acid  and  its  alkylic  derivative.     It  proceeds  the  more  readily  the 
more  the  hydrogen  atoms  of  the  ethylene  group  are  replaced  by  alcohol 
idicals  (p.  442). 

Formation. — (i)  By  heating  the  acids  alone.  (2)  By  the  action  of 
jOj  (B.  28,  1289),  PCls  or  POCl,  (A  242,  150)  i.p  >\\  ihe  acids.  (3  ^ 
.y  treating  the  acids  with  the  chloride  or  anhydride  of  a  monobasic 
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fatty  acid,  e.  ^.,  acetyl  chloride  or  acetic  anhydride  (AnschQtz, 
A.  aa6,  i) : 

CH, .  COOH  CH.CO  CH, .  CO 

J  '  -I-  2CH, .  coa  =  I  •    >o  4-  I  •      >o  +  2Ha. 

CH, .  COOH  ^         •  CHjCO^     ^  CH, .  CO"^     ^ 

(4)  When  the  chloride  of  a  dicarboxylic  acid  acts  {a)  upon  the 
acid,  or  {d)  upon  anhydrous  oxalic  acid  (A.  aa6,  6) : 

CHj.CCL    _        COOH        CHXO    _ 

<!h;.CO  >°  +  doOH  =  (iH;C0>°  +  *«^'  +  ^^  +  ^°- 

CH,CO 
Succinic  Anhydride,    1     p^>0,  melts  at  120^  and  boils  at  261*'.    Methyl 

Succinic  Anhydride,  or  pyrotartaric  anhydride ,  melts  at  31.5-32*^  and  boils  at  247®. 
Ethyl  Succinic  Anhydride  boils  at  243*^.  hopropyl  Succinic  Anhydride  boils  at  250^. 
Pura-  and  Meso-s-dimethyl  Succinic  Anhydride  melt  at  38°  and  87^,  respectively 
(B.  26,  1460).  MesO'S-methyl-ethyl-  and  Meso-s-diethyl  Succinic  Anhydrides  melt  at 
244-245^  and  245-246^.  Unsym.  Dimethyl  Succinic  Anhydride  melts  at  29^  and 
boils  at  219-220^.  Trimethyl  Succinic  Anhydride  melts  at  31^  and  boils  at  23 1<^ 
(760  mm.);  loi®  (12  mm.).  Tetramethyl  Succinic  Anhydride  melts  at  147°  and 
boils  at  230.5^. 

Properties  and  Behavior, — Succinic  anhydride  has  a  peculiar,  faint,  penetrating 
odok.  It  can  be  recrystallized  from  chloroform.  It  reverts  to  succinic  acid  in  moist 
air.  The  conversion  is  more  rapid  if  it  is  boiled  with  water.  It  yields  succinic 
alkyl  ester  acids  with  alcohols.  Ammonia  and  amines  change  it  to  succinamic  and 
alkyl  succinamic  acids.  PCI5  changes  it  to  succinyl  chloride.  Sodium  amalgam 
reduces  it  to  butyrolactone  (B.  29,  1193).  If  the  anhydride  is  boiled  for  some  time 
it  loses  CO,  and  changes  to  the  dilactone  of  acetone  diacetic  acid,  CO(CH, .  CH,  .• 
CO,H),  (see  this).     P,S,  converts  succinic  acid  and  sodium  succinate  into  thiophene^ 

CH  =  CH  —  S  —  CH  =  CH  (see  this).  The  reactions  of  very  few  of  the  homo- 
logues  of  succinic  anhydride  have  thus  far  been  accurately  studied.  They  are  similar 
to  those  of  the  latter. 

0—0 

\/ 
CH,.C0.0      CH,.C\ 
PerozideB :  Succinyl  Peroxide,  ^^     ^^  ^  or  ^^    cO/      "  *  ^^***^'  *^^' 

talline  body.  It  explodes  below  100°  if  rapidly  heated.  It  is  formed  by  energeti- 
cally shaking  equimolecular  quantities  of  succinyl  chloride  and  sodium  peroxide 
(B.  29,  1724). 


NITROOBN.CONTAININQ    DERIVATIVES    OP    THE    ETHYLENE    SUCCINIC 

ACID  GROUP. 

Ethylene  succinic  acid,  like  oxalic  acid,  yields  an  imide,  a  diamide, 
a  nitrile  acid  and  a  dinitrile : 

CH,.CO,H  CH,.CO    _„  CH-.CO.NH,  CH,.CO,H  CH,.CN 

I  I             >NH  I    '  1  I 

CH,.CONH,  CH,.CO  CH,.CO.NH,  CH,.CN  CH,.CN 

Succinamic  Succinimide               Succinamide  ^-Cyanpropionic  Ethylene 

Acid  Ada  Cyanide. 

(a)  Amic  Acids. — Most  of  these  have  been  prepared  by  decomposing  the  imides 
with  alkalies  or  baryta  water.     They  are  also  formed  on  adding  ammonia,  primary 
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•hrhattw  amiDcs  (atd  anmatic  awocs,  ^./.^  anfiae  md  fkeny1bj4aaame)  to  acid 
anajdiides.  Tbcy  bdiaTc  like  osaauc  icid  (p.  435).  ^licn  beated,  or  wbcn  treated 
with  debydrating  agents,  r.^.,  PCI,  or  CH, .  COO,  they  becone  imidcs»  vhich  bear 
tbe  laae  refaokMi  Co  tbem  tbat  tbe  anbydndei  sosuin  to  tbe  dkaibazyiic  acidL 
&iunmamu  An^,  COfH  .CH^.CH^.COSH^  h  obtained  Itob  soccmiBBade  by  tbe 
action  of  bvyU  wmtr.    StunnaJkyiamu  AnJ,  CO,H .  CH, .  CH, .  C0NHC;H,  (A. 

251,319;.  StunmaluAnJ^ CO Ai,CH^.CYi^.QU^HCMA^ia.y2tAh  Cmsjm. 
Dimakyl  S»unm4Uu  Add  aelts  at  if^. 


{b)  Imides. — ^These  are  prodaced  (i)  on  heating  the  add  anhy- 
drides in  a  current  of  ammonia;  (2)  when  the  ammonium  salts,  di- 
amidcs  and  amic  acids  are  heated.  They  show  a  symmetrical  structure, 
as  will  be  explained  in  connection  with  succinaniL 

SocciDimide,  J-.*'      >N^H,  melting  at  126**  and  boiling  at  283**, 

crystallizes  with  water,  and  manifests  the  character  of  an  acid,  as  the 
hydrogen  of  the  NH -group  can  be  replaced  by  metals. 

Potassium  Succinimide^  C,H«(CO)2NK ;  Sodium  Succimmide  (B.  28, 
2353);  Silver  Sue (inimide  (A.  215,  200)  ;  Potassium  Tetrasuccimmide- 
tri  iodo-iodide,  (QHAN).!, .  KJ  (B.  27,  R.  478 ;  29»  R-  298)- 

The  cyclic  imides  are  readily  broken  down  by  alkalies  and  alkaline 
earths: 

CH, .  CO  HaO      CH, .  CO^ 

C^H, .  CO'^^  (f  H, .  CONH,* 

On  distilling  succinimide  with  zinc  dust,  oxygen  is  withdrawn  and 
pyrrol  (see  this)  is  formed. 

Pyrrolidine,  CfH^  (B.  20,  2215),  is  formed  in  the  action  of 
sodium  upon  succinimide  dissolved  in  absolute  alcohol : 

CH  =  CH  Zo CH, .  CO  Na         CH, .  CH, 

(in^CH'^'  Dirtilled      (!h,.CO  Alcoholic    (*H,.CH, 

Pyrrol  Snccinimide  Pyrrolidine. 

Hypochloroos  acid,  and  hypobroinoiis  acid  acting  on  snccinimide,  and  iodine  vpoo 
silver  foccinimide  produce :  Succinchlorimide^  C,H|(CO),NCl,  melting  at  148® ;  itu- 
Hnbromimide,  CjII^CCO),  NBr,  melting  at  173-17$^  with  decompositioo,  and  sue- 
dniodo'imide  (B.  a6,  985).     Pbosphonis  penuchloride  converts  succinimide  into 

CCl .  CO 
diehlormaMn-imide  chloride^  B  >NH  ;  pentachlorpyrrol,  C^Cl^N,  and  tbe 

heptacbloride,  C^O^O  (A.  295,  86).  Bromine  and  caustic  potash  convert  succinimide 
into  /?-amido-propionic  acid  (p.  358).  Sodium  methylate  changes  succinbromimide 
by  a  molecular  rearrangement  into  carbmeihoxy-fi-amidopropionic  ester ^  CHgO.- 
CO.  NH .  CH, .  CH,.  CO,.  CH„  melting  at  33.5®  (B.  s6,  R.  935). 

Methyl  Succinimide,  C,H4<^q>N  .  CH„  melts  at  66  5*>  and  boils  at  234®. 

It  is  obtained  from  the  oxime  of  laevulinic  add  (p.  379)  by  the  action  of  concen- 
trated sulphuric  acid  (A.  251,  318^* 

Ethyl  Succinimide,  C,H^^^^>N .  Cfi^,,  melts  at  26*  and  boils  at  234®.    It 

it  formed  when  ethyl  iodide  acts  upon  potassium  succinimide.     It  yields  ethyl  pyrrol 
n  it  is  distilled  with  zinc  dust.     Isopropvi  Succinimide  melts  at  6i<^  and  boils  at 
hobutyl  Succinimide  melts  at  28^  and  boils  at  247<*  (B.  a8,  R.  600). 
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Phmyl  Stucinimuie,  Sncciiuuii],  CJAJipO)^,  N  .  QH^  melting  at  iSoP,  is  con- 

CCl  —  CO 
▼eited  by  PG^  bto  dichlonnalelc-anil-dichloride.  y  ^NC^H^,  the  lactam  of 

Ca  —  CCL 

ca  =  ca 

7-anilido-perchlorcrotoiuc  add  and  tetrachlorphenyl  pyrrol,  i      >NCjHj. 

This  last  fact,  and  the  redaction  of  dichlonnalelc  dichloride  to  7-anllido-butyrolactam 

CH,.CO 
or  n-phenyl  bntyrolactam,  1  ]>NCgHj,  indicate  that  the  symmetrical  for- 

Crif  .  CHj 

mula  properly  falls  to  both  succioanil  and  snccinimide  (A.  295,  39,  88). 

Umym.  Dimethyl  Succinanilxsif^X:^  tX%^^.     Trimetkyl  Succinanilmt\\&tXi2g^. 
Tfirame/Ay/ Succinani/ mtXts  at  S&^  (A.  285,  234;  292,  184,  176).' 

V'AHi/ido-sucanimtde,  C^n^[CO);S  —  NHq,Hj,  melts  at  155^  (J.  pr.  Ch.  [2], 

35»  293)- 

CH, .  CH  .  CO 
Pyroiartrimide,  1  >NH,  melts  at  66®.     %-Dimethyl  Succinimide  (B. 

CHj.CO 
22,  646V     Unsym,  Dimethyl  Succinimide^  melting  at  106®,  is  produced  by  oxidizing 
mesitylic  acid  (see  this)  (A.  242,  ao8 ;  B.  14,  X075).     JHmelimide  melts  at  60®  (A. 
220,  276). 

(r)  Diamides  and  Hydrazides. 

Succinamide,  C,H4<^ '  ^^C*!  is  prodaoed  like  oxamide.    It  crystallizes  from 

hot  water  in  needles.     At  200®  it  decomposes  into  ammonia  and  succinimide. 

Succindibrom-diamide^  NH,CO[CH,],CONBr,,  is  obtained  from  succinamide  and 
BrOK  (see  also  ^-lactyl  urea,  p.  402).    Pyrotartramide  melts  at  225®  (B.  29,  R. 

X       o      .  .   .      ..    CH,.CONH.NH,         ,  ^  ^   ^^  ^    r  n 

509).     Sucanhydrande,  ^    '    ^^^^    ^    "    melts    at  1670  (J.  pr.  Ch.  [2],  51, 

190). 

v.v^«      «•*«.•        •.  *»       .     -—  --        — .      ..    CH. .  CONH .  CH- 

{d)Zyz\\zY}\9xa\&^%.--SuccttiylEthyUneDiamide,x^  CONH  in 

(B.  27,  R.  589).  Succinphenylhydrazide,  i-Phenyl-3.6-orthopiperazone, 

CH, .  CO .  N .  CHj        ,  .  ^        ^     , 

hvL  CO  l!rH        '  naelting  at  199  ,  is  obtained  from  the  hydrochloride 

of  phenylhydrazine  and  succinyl  chloride  (B.  26,  674,  2 181). 

{e)  Nitriles. — Nitrile  acids  have  not  been  studied  to  any  great  ex- 
tent. Certain  dinitriles  have  been  prepared  by  the  action  of  potassium 
cyanide  upon  alkylen  bromides,  the  addition-products,  formed  by  the 
union  of  bromine  with  the  olefines.  By  absorbing  water  these  di- 
nitriles become  the  ammonium  salts  of  the  corresponding  acids,  the 
synthesis  of  which  they  thus  facilitate.  When  reduced,  they  take  up 
eight  atoms  of  hydrogen  and  become  the  diamines  of  the  glycols — e,  g, : 

CH, .  CO,H 
CHjOH  CH,  CHjBr  CH,  .  CN       f ^  ^h,  .  CO,H 

in,  ^<!;h,      ^<!:H,Br      ^ch,  .  cn""! ^ch^.  ch,.  nh, 

^CH,.CH,.NH, 

Succino-nitrile,  Ethylene  Cyanide j  CN .  CH, .  CH, .  CN,  melt- 
ing at  54.5®!  and  boiling  at  158-160**  (20  ram.),  is  amorphous,  trans- 
parent, readily  soluble  in  water,  chloroform  and  alcohol,  but  spar* 
38 
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ingly  soluble  in  ether.    It  is  also  obtained  by  the  electrolysis  of  potas- 
sium cyanacetate  (p.  76). 

It  yields  ethylene  succinic  acid  when  saponified,  and  tetramethylene  diamine  opoo 
reduction.  It  combines  with  4HI  (B.  25,  2543).  Paraformaldehyde,  glacial  acetic 
acid  and  sulphuric  acid  convert  it  into  methylene  succinimide^  (^1^4  •  C^O|N),CH|, 
melting  above  270°  (J.  pr.  Ch.  [2],  50,  3). 

(/)  OjXm^^.—Succinylhydroxamic  Acid,  CO,H  .  CH,.  CH,  .  C( :  N  .  OH)OH 

B.  28,  R.  999).      Succinylhydroxamic  TetraeetaU,  AcO(AcON  :  )C  .  CH,  .  CH, .  - 

(:  N.OAc)OAc,  melts  at  130^  (B.  28,    754).      Hydroxylamine  cooTerts  suc- 

CII,.C(:NOH) 
cinonitrile   into  sucantmfdoxtme,  ^^     ^q  >NH.  melting  wX  1970  (B.  24, 

Ch'  '.  C( :  NOH)       , 
3427)    and    stucinimide  dioxime^x  ^NH,  meltmg  at   207®  (B.  22, 

CH,  .  C( :  NOH) 

2964). 

PyrotariaronitriU  melts  at  12°  (A.  182,  327  ;  B.  28,  2952). 

Unsyvt.  DimethyhuccinonUHle,  CN  .  CH, .  C(CH,), .  CN,  boils  at  218-220®  (B. 
22,  1740). 


I 


HALOGEN  SUBSTITUTION  PRODUCTS  OF  THE  SUCCINIC  ACID  GROUP. 

The  monosubstitution  products  are  obtained  (l)  by  the  direct  action  of  halogens 
upon  the  acids,  their  esters,  chlorides  or  anhydrides.  In  case  of  the  acids,  it  is  ad- 
visable to  act  upon  them  with  amorphous  phosphorus  and  bromine  (B.  2X,  R.  5); 
(2)  by  the  addition  of  an  halogen  hydride  to  the  corresponding  unsaturated  dicar- 
boxylic  acid  of  \.\\t  fumaric  and  maieic  group  (A.  254,  x6i) ;  (3)  by  the  action  of  an 
halogen  hydride  and  (4)  of  PClj  or  PBr^  upon  the  corresponding  a-monoxyethylene 
dicarboxylic  acids  (A.  130,  21);  (5)  from  amido-succinic  acids  by  means  of  potas- 
sium bromide,  sulpliuric  acid,  bromine  and  nitric  oxide  (B.  28,  2769). 

Inactive  chhrsuccintc  acid,  CO,H  .  CHCl .  CH, .  CO,H,  from  fumaric  acid  an< 
hydrochloric  acid,  melts  at  15 15°  to  152°.  The  dimethyl  ester  boils  at  106.5 
( 14  mm. ).  The  diethyl  ester  boils  at  1 22*'  (15  mm.).  The  anhydride  melts  at  40-41 
and  boils  at  125-126®  (12  mm.)  (A.  254,  156;  B.  23.  3757). 

di-Chlorsuccinic  Acid  melts  with  decomposition  at  176®.     It   is  obtained    fro; 
1-maIic  acid  by  means  of  PCI5  and  water.     Its  silver  salt  becomes  d-malic  acid  wh 
it  is  boiled  with  water.     The  dimethyl  ester  hoWs  at  107**  (15  mm.)  ;  i\kt  chloride 
92°  (II  mm.) ;  the  anhydride  at  138°  (20  mm.)  (B,  28,  1 289). 

VChlor succinic  Acid  is  prepared  from  laspartic  acid,  which  can  be  changed 
1-malic  acid.     Starting,  therefore,  with  laspartic  acid,  it  is  not  only  possible  to  pr^ 
pare  1-chlorsuccinic  acid  and  1-malic  acid,  but  with  the  aid  of  the  latter  we 
obtain  d-chlorsuccinic  acid,  which  can  be  transposed  into  d-malic  acid  (p.  68)  : 

71  1-Chlorsaccinic  Acid  -<-  d-Malic  Acid 

1-Aspartic  Acid v.  -^  A 

1-Malic  Acid  >"  d-Chlorsucdnic  Add. 

Inactive  bromsuccinic  acid,  CO,H  .  CHBr .  CH, .  CO,H,  from  hydrobromic       

and  fumaric  acid,  melts  at  160®.     Its  dimethyl  ester  boils  at  IIO®  (lo  mm.).      ^^Kt 
anhydride  melts  at  30-31°  and  boils  at  137°  (ll  mm.). 

^-Bromsuccinic  Dimethyl  Ester,  from  1-malic  acid  and  PBr^,  boils  at  1 24®  (20  miKX.^ 
(B.  28,  1291). 

\- Bromsuccinic  Acid,  from  laspartic  acid   (B.  28,  2770;   29,  1699),  melts  iritA 
decomposition  at  173®. 
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The  free,  inactive  acids  and  their  esters,  when  heated  at  the  ordinary  pressure, 
break  down  into  an  halogen  hydride  and  fumaric  acid  and  its  ester,  while  the  anhy- 
drides yield  the  halogen  hydride  and  maleic  anhydride  (A.  254,  157).  Moist  silver 
oxide  converts  bruinsuccinic  acid  into  inattive  malic  acid  {set  this),  which  can  thus  be 
synthesized  in  this  way. 

The  addition  of  an  haloid  acid  to  ita-,  dtra-,  and  mesaconic  acids  produces  cAlar- 
pyrotartaric  acids,  C5H,C104 : 

(i)  Itachlorpyrotarlaric  Acidy  melting  at  140-141^  (compare  paraconic  acid,  see 
thb,  and  itamalic  acid). 

(2)  Mesa-  or  Chtorpyrotartaric  Acid,  melting  at  I29®  (A.  188,  51). 

Brompyrotariarii  Acids,  CjHjBrO^ : 

(1)  Itabrompyrotariaric  Acid,  melting  at  137^. 

(2)  Citrabrompyrotartaric  Add,  melting  at  148**. 

Dihalogen  Substitution  Products  are  produced  (i)  by  the  direct  action  of 
bromine  and  water  upon  the  acids ;  (2)  by  the  addition  of  halogen  hydride  to  the 
monohalogen  unsaturated  acids  of  iht  fumaric  and  maleic  series ;  (3)  by  the  addition 
of  halogens — particularly  bromine — to  the  unsaturated  acids  of  the  fumaric  and 
maleic  series. 

When  hydrobromic  acid  is  added  to  fumaric  and  maleic  acids  they  yield  the  same 
monobromsuccinic  acid,  but  with  bromine,  fumaric  add  forms  the  sparingly  soluble 
dibromsuccinic  add,  while  maleic  acid  and  bromine  yield  the  easily  soluble  isodibrom 
succinic  acid  and  fumaric  acid.  These  two  dibromsuccinic  acids  have  the  same 
structural  formula,  they  are  symmetrically  constructed,  and  their  isomerism  is  prob- 
ably due  to  the  same  cause  prevailing  with  the  s-dialkylic  succinic  acids  (p.  444). 
Yet  they  are  intimately  related  to  racemic  and  mesotartaric  acids,  which  were  first 
sjmthetically  prepared  by  means  of  the  dibromsuccinic  acids.  Inasmuch  as  fumaric 
add  yields  racemic  acid  when  oxidized,  therefore  the  sparingly  soluble  dibromsuccinic 
acid,  the  dibrom  addition  product  of  fumaric  acid,  should  correspond  to  racemic  acid, 
and  isodibromsuccinic  acid  to  meso-tartaric  acid.  However,  the  transposition  reac- 
tions of  the  dibromsuccinic  acids  show  many  contradictions. 

Dichlorsuccinic  Acid,  from  fumaric  acid  and  liquid  chlorine,  melts  at  215°  with 
decomposition.     The  methyl  ester  melts  at  32^  (A.  280,  210). 

Isodichlorsuccinic  Acid  melts  with  decomposition  at  170**.  It  is  obtained  from 
the  anhydride^  melting  at  95^,  the  addition  product  of  maleic  anhydride  and  liquid 
chlorine.  When  heated,  the  'anhydride  changes  to  chlormaleic  anhydride  (A.  a8o, 
216). 

Dibrom-succinic  Acid,  C,H2Br2(CO,H)„  consists  of  prisms  which  are  not  very 
soluble  in  cold  water.  When  heated  to  200-235^  it  breaks  up  into  HBr  and  brom- 
malelc  acid,  and  with  acetic  anhydride  it  3rields  brom-maleic  anhydride  and  acetyl 
bromide.     The  methyl  ester  melts  at  62** ;  the  ethyl  ester  at  68**. 

Isodibrom-succinic  Acid,  C,H,Br,(C02H),,  is  very  soluble  in  water.  It  melts 
at  160®  and  decomposes  at  180°  into  HBr  and  brom-fumaric  acid  (p.  464).  Its 
anhydride,  CLH,Br,(C0)20,  from  maleic  anhydride  and  bromine,  melts  at  42^.  At 
100®  it  breaks  down  into  HBr  and  brom-maleic  anhydride  (A.  280,  207).  The 
anilic  d^V  melts  at  144^.  The  anil  melts  at  177^  (A.  29a,  233  ;  239,  143).  When 
reduced,  both  acids  yield  ethylene  succinic  acid  ;  when  boiled  with  potassium  iodide 
they  change  to  fumaric  acid,  while  boiling  sodium  hydroxide  or  baryta  water 
converts  them  into  acetylene  dicarboxylic  acid  (A.  27a,  127).  The  sparingly 
soluble  dibrom-acid,  when  boiled  with  water,  passes  into  brom-maleic  acid,  while 
the  readily  soluble  acid,  under  like  treatment,  becomes  brom-fumaric  acid.  Two  hun- 
dred' parts  of  boiling  water  convert  the  difficultly  soluble  dibrom-acid,  in  the  pres- 
ence of  the  brominated  unsaturated  acid,  into  mesotartaric  acid,  together  with  a  little 
racemic  acid,  while  the  readily  soluble  acid  yields  much  racemic  acid  and  but  little 
of  the  mesotartaric  acid  (A.  a9a,  295). 

The  silver  salt  of  the  difficultly  soluble  dibrom-acid  changes  on  boiling  with  water 
to  mesotartaric  acid  (see  this),  while  racemic  acid  is  obtained  under  similar  condi- 
tions from  the  easily  soluble  isodibromsuccinic  acid  (B.  ax,  268).  Much  mesotar* 
taric  acid  with  but  little  racemic  acid  is  formed  on  boiling  the  barium  or  calcium  v' 
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TruhS^rtw^Ktnu  A '.id  a  a 

'/rira^hUrstucmsmUf  n^.'.rj^  at   157^,  tf  fatrntd  lo^J, 
<h>yrvie  ^p,  4^/4, .  vi^ta  f^.'.  vits  ii(«oo  dxiilonBaleinaail  -A.  ags,  53*1. 

TribfO«ii'«uccinic  AcidX^HBr,  CO,H  ,.  b  prodaoBd  wbea  broauiie  (and  water) 
a/H  ac^xt  r>r'ym  nuu^rk  af,i ;  aA4  iftoDrom-ova^Ic  acid ;  it  <  jmhivs  of  aoaiUr  crTstals, 
wM/  r«  fiKif  at  1 36-137^,  'I  be  a/^a««>os  socuiioa  dgccaniMMS  at  6cP  into  CO^  UBr, 
aM  /lil/r'XAaciy.ic  a^.i4,  C,H, Br/i^  whkb  meiU  at  85®. 

OthrompyrciartarU  Acub. — 'Vi^t  ad/iitioo  of  bromiiie  to  ita-,  dtia-  and  mesacoaic 
niv\%  (tret  n%«  to  ihstz  di^^compyrotartanc  acids,  which  iqxm  ledoctioa  revcit  to  the 
%%mt  ^rocartaric  add  (p.  444;. 

'\  be  it4i',  citrtt'  and  mesa »dibfDippyTotaftaric  acids,  C^H^Br^O^,  are  distin- 
guUheM  f/f  th^tr  different  fr^lahtlitj  in  water.  The  ita-  cotnpoiuid  changes  to  aconic 
a/ id,  ^\\\fy^,  when  the  koUiiKjn  of  its  wdinm  salt  is  boiled;  the  dtra-  and  mesa- 
com(K/uri/i»,  on  the  other  harid,  yieM  tirommethacrylic  add  (p.  283). 

An  exceM  of  cau«ktic  potash  will  convert  citradibrompyrotartaric  add  into  l»oin- 
meaaconic  acid  (p.  464). 


OLUTARIC  ACID  GROUP. 

Glutaric  acid  and  its  alkylic  derivatives,  like  ethylene  succinic 
acid,  are  characterized  by  the  fact  that  when  they  are  heated  they 
))rcak  down  into  anhydride  and  water.  The  anhydrides  readily 
yield  anilic  acids,  from  which  anils  can  be  obtained  by  the  with- 
drawal of  water.  The  glutaric  acids  resemble  the  ethylene  succinic 
acidH  in  deportment,  but  they  are  changed  to  anhydrides  with  greater 
didficulty  by  acetyl  chloride,  and  are  not  so  volatile  with  steam. 

Qlutarlc  Acid,  ^^^<cnj .  C0*H'  formal  Pyrotartaric  Acid  [Pent- 

an  diacid'\^  is  isomeric  with  monomethyl  succinic  acid  or  ordinary 

pyrotartaric  acid,  as  well  as  with  ethyl  and  dimethylmalonic  acids 

(P-  437).     It  was  first  obtained  by  the  reduction  of  a-oxyglutaric  acid 

with  hydriodic  acid.     It   may  be  synthetically  prepared  from  tri- 

n\rthylcne  bromide  (p.  303),  through  the  cyanide ;  from  acetoacetic 

•***icr  by  moans  of  the  aceto-glutaric  ester  (see  this)  ;  from  glutaconic 

^  (p.  4^7).  and  from  propane  tetracarboxylic  acid  or  methylene 

ilonic  acid,  CaH^CCO.H^,  by  the  removal  of  2CO,.     Glutaric 

crystalU/cs  in  large  monoclinic  plates,  melts  at  97^,  and  distils 
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near  303%  with  scarcely  any  decomposition.  It  is  soluble  in  1.2  parts 
water  at  14°. 

The  caldum  soli,  C^lifiJ^ti  +  4H,0,  and  barium  sait,  C^H^O^Ba  +  5H,0  (like 
calcium  butjrrate,  p.  247),  are  easily  soluble  in  water;  the  first  more  readily  in  cold 
than  in  warm  water,  llie  monomethyl  ester  boils  at  153®  (20  mm.^  (B.  26,  R.  276). 
The  ethyl  ester  boils  at  237^.  The  anhydride^  QHfO,,  forms  on  slowly  heating  the 
acid  to  230-280°,  and  in  the  action  of  acetyl  chloride  on  the  silver  salt  of  the  acid. 
It  crystallizes  in  needles,  melting  at  56-57°. 

Ghttarimide,  C,Hc(CO),NH,  results  by  the  distillation  of  ammo- 
nium glutarate  and  by  the  oxidation  of  pentamethylene  imide  (p.  315), 
or  piperidine  with  H,0,  (B.  24,  2777).  It  yields  a  little  pyridine 
when  it  is  heated  with  zinc  dust  (B.  16,  1683).     It  melts  at  152^. 

NUrUe  of  Glutaric  Acid,  Trimethylene  Cyanide,  CH,<^2« '  ^JJ,    boiling     at 

286°,  is  obtained  from  trimethylene  bromide  and  potassium  cyanide.  Alcohol  and 
sodium  convert  it  into  pentamethylene  diamine  (p.  313)  and  piperidine  (p.  315), 
while  it  yields  glutarimide-dioxime  with  hydroxylamine  (B.  24,  3431). 

Petaathlargluiaric  Acid,  CO,H .  CCl, .  CHCl .  CCl, .  CO^  (B.  25,  2219). 

Monoalkylic  Glutaric  Acids, ^-kl- Methyl  GlutaHc  Acid,  CH,<^JJ«^^^^q  ^, 

melting  at  76°,  results  from  the  reduction  of  saccharone,  and  on  treating  camphor- 
phorone  with  KMn04  (B.  25,  265).  It  may  by  synthesized  by  starting  with  methyl- 
acetoacetic  ester  and  /3-iodopropionic  acid,  and  when  KCN  acts  upon  Iseyulinic  acid. 
It  is  a  by-product  in  the  decomposition  of  isobutylene  tricarboxylic  ester. 

P,S,  converts  it  into  methylpentiophene.  The  anhydride  melts  at  40°  and  boils  at 
283°.  See  A.  292,  211,  for  the  anilic  acids,  a- Ethyl  Glutaric  AcidmicXXs  at  60° 
and  boils  at  195°  (30  mm.).  The  anhydride  boils  at  275°.  Anilic  Acids,  A.  292, 
144,  215.  P'Methyl  Glutaric  Acid,  ethidene  diacetic  acid,  CH, .  CH(CH,  .  CO,H  V 
melting  at  86°,  is  formed  from  crotonic  ester  and  sodium  malonic  ester.  The  anhydride 
melts  at  46°  and  boils  at  283°  (B.  24,  2888).  P-Ethyl  Glutaric  Acid,  propidene 
diacetic  acid,  melts  at  67°.  The  two  acids  are  obtained  from  ethidene-  and  propidene- 
dimalonic  acid. 

Di-  and  Tri-alkylic  Glutaric  Acids  are  produced  together  with  tri-  and  tetra- 
methyl  succinic  acids  in  the  syntheses  of  these  latter  acids  from  a-bromisobutyric 
acid  with  silver,  with  methyl  malonic  ester,  etc.  In  order  to  explain  the  formation  of 
these  unexpected  alkylic  glutaric  acids  in  these  reactions,  it  has  been  assumed  that  a 
portion  of  the  a-bromisolnityric  acid  gives  up  HBr  and  passes  into  methacrylic  ester. 
In  the  silver  reaction  the  BrH  attaches  itself  to  the  methyl  acrylic  esters,  and  the 
silver  withdraws  bromine  from  the  a-  and  j9-bromisobntyric  ester,  whereby  the 
residues  unite  to  trimethyl  glutaric  ester  (B.  22,  48, 60) : 


CO,C,H,                            CO,C,H,  CO,C,H, 

I                     —HBr                1                      +HBr  | 

CBr        >-         C  >-     CH 

A  /^  /\ 

CHjCHjBr 


HgC  CHg  HgC     CH| 

CO,C,Hj  COjCjHj        CO,C,Hj      CO,C,Hj 

CH— CHjBr  +  2Ag  +       CBr  =  CH— CH,-C  +  lAgBr. 

[  /\  I  /\ 

CH|  CHg  CH|  CHg  CH|  CH^ 

In  the  second  stage  sodium  methyl  malonic  ester  attaches  itself  to  methyl  acrylic 
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titer,  mod  when  the  addiiioii  product  is  saponified  it  yields  dimethyl  glutaric  acid  (B. 
•4,1041,  1923): 

a\c;H»  oo,c,Hg  co,c,Hj     co,c;Hj 

C         =CII,  +  NaC-CO,C:;Hj  =  CNa— CH,— C-:CO,C,H, 

oi,  in,  in,  in, 

Mi,/>|-«NtfAr7  (;Aftenr  ^WiA.  CH,[CH(CH,)CO,H],.  melting  at  I27«  and  140®  ( A. 
aga,  146;  B.  ag,  R.  421),  also  resnlt  from  the  action  oi  methylene  iodide  upon  sodium 
a-cyanpropiooic  ester.  Bromine  conveits  both  acids  into  a  brom*products,  from 
which  oxydinethyl  glutaric  acids  and  their  lactones  are  obtained  (B.  25,  3221 ;  A. 
•ga,  140)'  ^a^Dieikvi  Gimtaric  Adds  (A.  292,  204)-  afi-Dimethyl  Glutaric  Acid 
(A.  aga,  147 ;  B.  ag,  2058). 

I  Wm.  m^Dimttkyi  Gimtanc  Acid,  CO,H .  C(CH,),  .  CH, .  CH, .  CO,H,  melts 
at  .S5*,*and  its  anhydride  at  38*.  ^^Dimetkyl  Glutaric  Acid,  CO,H .  CH,C(CH,),- 
Cn,Ol\H,  from  dimethyl  acrylic  ester  with  sodium  or  potassium  malonic  ester,  and 
subM^)uent  decomposition  of  the  dimethyl  propane  tricarboxylic  acid  (A.  292,  145  ; 
C  1S07,  I,  2$),  melts  at  100**,  and  its  anhydride  at  124^.     The  anHic  acid  melts  at 

''  -»*«, «,.  THmefJkW  Glutaric  Add,  CO,H  ,  CH(CH,)CH,C(CHj), .  CX),H,  melts  at 
0:'^  (v\vmpaie  tetramethyl  succinic  acid).  Its  anhydride  melts  at  96°  and  boils  at 
4<u^  ^A.  aga,  lao). 


GROUP  or  ADIPIC  ACID  AND  HIGHBR  NORMAL  PARAFFIN  DICAR- 

BOXYLIC  ACIDS. 

Aiitpic  acid  and  its  alkylic  derivatives  volatilize  under  reduced 
pu^MHY  without  decomposition.  They,  together  with  normal  pimelic 
acid  and  suberic  acid,  arc  characterized  by  the  fact  that  when  their 
calcium  salts  are  heated  (yc&c  ketones  result  (J.  Wislicenus,  A.  275, 

CI  I, .  CII, .  a\H  CH, .  CH, .  CO,H  CH, .  CH, .  CH,CO,H 

tSl,,aU.a\H         i   ^^\CH, .  CH. .  CO.H  in, .  CH, . CH,CO,H 

Suberic  Acid 

CH, .  CH, .  CH,>^ 

I  ^rco 

CH,.CH,.CH,/ 
l^x^v  ot  KrUHH>nta«  Oxo-  or  Ketohexaroethyloie  Suberone 

ntrthvWur  [C>*clohexaiioo]  [Cyclohcptanon]. 

l(.>vkH>cuUnoa) 

Whrn  adi|iic  acid  and  the  higher  satorated  dicarboxylic  acids  are  boiled  with 
acetvl  chKvrtde^  an h\x) rides  are  also  produced.  It  is  not  known  whether  they  should 
receive  the  simple  molecular  formula'or  a  multiple  of  it  (B.  ay,  R.  405 ;  C.  1896,  II, 

Adipic  Acid  (Hexan  diacid],  CX\H[CH,],CO,H.  was  first  obtained  by  oxidizing 
nitric  acid.  It  is  also  produced  (l)  in  thie  reduction  of  kydromuconic  acid 
It  is  synthetically  prepared  (2)  by  heating  /Siodpropionic  add,  with 
liver,  to  I  jo-i4o«,  or  with  copper  to  160^  (B.  a8,  R.  466) ;  (3)  by  the 
i  of  potassium  ethyl  succinic  ester  (A.  161,  117),  and  (4)  ftom  ethylene 
acid  or  butane  tetracarboxylic  acid.  Sodium  converts  adipic  ester  into 
^methylene  monocarboxylic  ester  (B,  ay,  103).  Cyclopentanon  b  pto- 
\Xk  the  calcium  salt  is  distilled. 


Oii,,cn,.avi  i     ^\CH, .  CH, .  co,H 

I  A«^)M\AcKi  I  Normal  Pimelic  Acid 

lU,AH,y  ,^  i  XH,.CH,. 

t  I     '         '^CO  +  CH  /  ^CO 

iSl,.ni,  ^^"•\CH,.CH,/^^ 
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a- Methyl  Adipic  Add  melts  at  64®.  a- Ethyl  Adipic  Acid  is  a  liquid.  ^-Methyl 
Adipic  Andmeits  at  89°  and  boils  at  210-212^  (14-5  mm.).  It  results  from  the  oxi- 
dation of  pulegone  and  menthone  (A.  aga,  148). 

aa^-DUthyl  Adipic  Acids  have  been  prepared  from  the  corresponding  atfj-dialkylic 
ethylene  dimalonic  acids.  aa^-Dimethyl  Adipic  Acid  (see  B.  27, 1578).  aa^-Dicthyl 
Adipic  Acids  (see  B.  28,  R.  300).     a-Bromadipic  Add  mehs  at  131^  (B.  28,  R.  466). 

Normal  Pimclic  Acid  [Heptan  diacid],  CH,<^2' *  ch!  *  TOH  (^- *9*' 
150),  first  prepared  by  oxidizing  suberone,  and  from  salicylic  acid  through  the  action 
of  sodium  in  amyl  alcohol  solution  (A.  286,  259) ;  by  heating  furonic  acid,  C, HgOg, 
with  HI,  and  in  the  oxidation  of  fats  with  nitric  acid,  can  l>e  obtained  synthetically 
from  trimethylene  bromide  and  malonic  ester  by  heating  pentamethylene  tetracar- 
boxylic  acid,  which  is  the  first  product  of  the  reaction  (B.  26,  709).  It  melts  at  105**. 
When  its  lime  salt  is  distilled  rcyclohexanonl  is  produced  (p.  454). 

Alhylic  Pimclic  Adds:  a-,  /^-,  and  7- Methyl  Pimelic  Acids  melt  at  54°;  49®,  and 
56^.  They  are  formed  when  the  o-,  m-,  and  p-cresotic  acids,  or  better  their 
dibrom-derivatives,  are  reduced  by  amyl  alcohol  and  sodium  (A.  295,  173).  The 
a-acid  may  also  be  prepared  from  the  corresponding  tetracarboxylic  acid  (B.  29, 729). 

aa^- Dimethyl  Pimelic  Adds  melt  at  81^  and  76<>  (B.  28,  R.  465). 

apa-Trimethyl  Pimelic  Add  hoWs  at  214®  (15  mm.)  (B  28,  2943). 

QOyDibrompimelic  Acid  melts  at  141^.  Its  diethyl  ester ^  boiling  at  224®  ( 28  mm.), 
when  acted  upon  by  sodium  ethylate  becomes  A^-cyclopentene-dicarboxylic  acid. 

Suberic  Acid  [Octan  diacid],  CgHj404,  is  obtained  by  boiling  corks  ( B.  26, 3089), 
or  fatty  oik,  with  nitric  acid  (B.  26,  R.  814).  It  melts  at  140^.  Its  ethyl  ester  boils 
tt  280^282^.  It  has  been  synthesized  by  electrolyzing  potassium  ethyl  glutarate. 
Suberone  (p.  454)  results  when  its  calcium  salt  is  distilled  (A.  275,  356).  \Xs  anhy- 
dride melts  at  62<».  The  dihydrazide  melts  at  185°.  The  diazide  melts  at  25^*  (B. 
29,  1166).     See  also  i.6-hexamethylene  diamine,  p.  313. 

Higher  dibasic  acids  are  produced  by  oxidizing  the  fatty  acids  or  oleic  acids  with 
nitric  acid.  They  always  form  succinic  and  oxalic  acids  at  the  same  time.  The 
higher  acetylene  carboxylic  acids  usually  decompose  into  the  acids  C„H,„0|,  when 
oxidized  with  fuming  nitric  acid.  The  mixture  of  acids  that  results  is  separated 
by  fractional  crystallization  from  ether;  the  higher  members,  being  less  soluble, 
separate  out  first  (B.  14,  560).  Such  acids  have  also  been  produced  by  the  breaking- 
down  of  ketoximic  acids  through  the  action  of  concentrated  sulphuric  acid,  e.  g. , 
sebscic  acid  from  ketoxime  stearic  acid.  See  p.  285  for  the  importance  of  this 
reaction. 

Lepargylic  Acid,  C^Hj^O^,  Azelaic  Acid  [Nonan  diacid],  is  best  prepared  by 
oxidizing  castor  oil  (B.  17,  2214).  It  melts  at  106®.  It  can  be  synthesized  from 
pentamethylene  bromide  and  sodium  acetoacetic  ester  (B.  26,  2249).  Its  anhydride 
melts  at  52^. 

Sebacic  Acid,  Cj^HigOf  [Decan  diacid] ,  is  obtained  by  the  dry  distillation  of 
oleic  acid,  by  the  oxidation  of  stearic  acid  and  spermaceti,  from  ketoxime  stearic 
acid,  and  from  heptane  tetracarboxylic  acid  (B.  27,  R.  413).  The  acid  melts  at  133^. 
The  anhydride  melts  at  78^*. 

Braasylic  Acid,  C\,ILg04,  obtained  by  oxidizing  behenoleic  and  erucic  acids, 
melts  at  114^  (B.  a5,  639,  R.  795,  811). 

RocceiUc  Acid,  Ci^HjiO^,  occurs  firee  m  Rocella  tinctoria.    It  melts  at  132^. 
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B.  OLEFINE  DICARBOXYUC  ACIDS,  CH^r-iO^. 

The  adds  or  this  series  bear  the  same  relation  to  those  of  the  oxalic 
acid  series  that  the  adds  of  the  acrylic  series  bear  to  the  fatty  acids. 

The  free  acid  hydrates  of  all  the  acids  of  the  oxalic  series  are 
known,  bat  in  the  case  f^  the  unsaturated  adds  there  are  some,  like 
carbonic  acid,  which  only  exist  in  the  anhydride  condition.  When 
the  attempt  is  nude  to  liberate  the  acids  from  thdr  salts,  they  imme- 
diately split  off  water  and  pass  into  the  corresponding  anhydrides, 
e.  g.,  dimethyl  and  diethyl -maleic  anhydrides.  The  analogy  of  such 
acids  with  carbonic  acid,  to  which  reference  has  already  been  made 
(p.  390),  manifests  itself  in  the  following  constitutional  formulas  (A. 
a54.  '69;  159.  »37): 


>O=a=:0  +  H,O 


Hence  dimethyl  and  diethyl-malelc  acids  cannot  conUin  two 
carboxyl  groups  any  more  than  carbonic  acid  can  contain  them. 
Even  in  the  salts  and  esters  a  ^--lactone  ring  would  be  present.  The 
hypothetical  acid  hydrates  would  be  unsaturated  r-dioxy-lactones. 

The  CTclop««ffin  di<»rtwijlic  acidi,  hiTinga  like  carboo  conlml  snd  isomnic 
with  the  anitiOTted  dicirtxw^ic  acids,  will  be  discuted  after  the  cyclopaiaffiiw, 

T^imtlhyUmt  DicarinxylU  Add,   ^^'>C(00,HI, 

cA,  .  CH.CO,H 
Taramitkyltnt  DitarbixyKt  Add,  ^^  ^^^   ^ 

.       ,-     .    ,   ^u^CH,-(-H.CO,H 
PttUamtlkyltnt  DuaHtxyht  Acid,  LHi<CH,_cH.CO,H. 

The  lowest  mcmWr  i.f  ihe  series  has  two  possible  structural  iso- 

\U    methylene  malonic  add,  CH.:  C{CO.H).,  ai>d  etkylefu  du.r- 

arid  C'O.HCH  :  CH  .  CO,H.     The  first  is  only  known  in  the 

f  its  ester.'     However,  ihere  are  two  acids,  fuman'c  and  maleic 

Thich  it  is  customary  to  regard  as  different  modifications  of 


•  dicarboxylicacid. 
kylen  M«lonic  Acid, 
.lene  M-lonic  Estct.   Cll,:  C.-^^J^^hI,  Uptodaced  when 


(:0,C,H, 


111  ethvlale  act  upon  I  moleciile  of  loaloDtc 
ink  eiter,  C,Ht.O.CH,.CH(CO,R), 
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(B.  as,  R.  194 ;  aa,  3294 ;  A.  273, 43,  p.  486).  Under  diminished  pressure  k  distils 
as  a  mobile,  badly- smelling  oil.  If  allowed  to  tand,  it  soon  changes  to  a  white, 
solid  mass,  (CgHj^O^),.  The  liquid  ester  deports  itself  like  an  unsaturated  com- 
pound.    It  unites  with  bromine.     See  also  /S-oxjrisosucdnic  add,  p.  486. 

Ethidene  Malonic  Ester,  CH, .  CH :  C(C0,C^H5),,  is  formed  by  the  condensation 
of  malonic  ester  with  acetaldehyde  on  heating  with  acetic  anhydride  (A.  ai8,  145). 
It  boils  at  116°  under  a  pressure  of  17  mm.  When  saponified  with  baryta  water  it 
yields  an  oxydicarboxylic  acid,  C^H((OH)(CO,H),.  It  combines  with  malonic  ester 
on  heating,  and  becomes  ethidene  dimalonic  ester. 

The  condensation  of  malonic  ester  with  chloral  may  be  effected  by  heating  them 
with  acetic  acid  anhydride,  the  product  being  the  diethyl  ester  of  TrUhloretkidene 
malonic  acid,  CCl, .  CH :  C(CO,H),,  a  thick  oil,  boiling  about  160®  under  23  mm. 
pressure.  hopropyUne  Malonic  Acid,  (CH,\C :  C(CO,H)„  melts  at  170^.  Its  ethyl 
esier,  boiling  at  176^  (i^  mm. ),  is  obtained  from  malonic  ester  and  acetone  by  means 
of  acetic  anhydride  (B.  a8,  785,  1122). 

AUyl  Malonic  Acid,  CH, :  CH .  CH, .  CH(CO,H),.  b  obtained  from  malonic 
ester  by  means  of  allyl  iodide.  It  crystallizes  in  prisms  and  melts  at  103^  (A.  216, 
52).  Compare  ^-Yalerolactone,  p.  344,  and  carboyalerolactonic  acid,  p.  494.  See 
B.  29,  1856,  for  ethyl-allyl-malonic  acid  and  its  homologues. 

{h)  Unsaturated  Dicarboxylic  Acids,  in  which  the  carboxyl  groups 
are  attached  to  two  carbon  atoms  (p.  456). 

Formation. — They  can  be  obtained,  like  the  acrylic  acids,  from  the 
saturated  dicarboxylic  acids  by  the  withdrawal  of  two  hydrogen  atoms. 
This  is  effected  (i)  by  acting  on  the  monobrom-derivatives  with  alka- 
lies: 

C,H,Br(CO,H),  +  KOH  =  C,H,(CO,H),  +  KBr  +  H,0 ; 
Bromsuccinic  Acid  Fu marie  Acta. 

or  the  same  result  is  reached  (2)  by  letting  potassium  iodide  act  upon 
the  dibrom-derivatives  (p.  277).  Thus,  fumaric  acid  is  formed  from 
both  dibrom-  and  isodibrom-siiccinic  acids : 

C,H,Br,(CO,H),  +  2KI  =  C,H,(CO,H),  +  2KBr  +  I, ; 

and  mesaconic  acid,  CjH4(CO,H)„  from  citra-  and  mesa-dibrom-pyro- 
tartaric  acids,  CaH4Br,(C0iH),.  As  a  general  thing  the  unsaturated 
acids  are  obtained  (3)  from  the  oxydicarboxylic  acids  by  the  elimina- 
tion of  water  (p.  458). 

Deportment. — The  acids  of  this  series  show  the  same  tendency  to 
addition  reactions  as  was  observed  with  the  unsaturated  monocar- 
boxylic  acids.  Thus{i)  hydrogen  causes  them  to  revert  to  saturated 
dicarboxylic  acids;  (2)  haloid  acids  (particularly  HBr)  and  (3)  halo- 
gens convert  them  into  haloid  saturated  dicarboxylic  acids.  (4)  When 
heated  with  caustic  potash  an  addition  of  hydrogen  occurs  with  the 
production  of  monoxy-saturated  dicarboxylic  acids;  others,  again,  are 
raolecularly  rearranged  (B.  26,  2082).  Such  rearrangement  among 
isomerides  has  been  induced  by  boiling  water  or  acids  (compare 
fumaric  and  maleic  acids,  mesaconic,  citraconic  and  itaconic  acids). 
(S)  Potassium  permanganate  oxidizes  some  of  the  unsaturated  dicar- 
boxylic acids  to  dioxy-dicarboxylic  acids  of  the  paraffin  series.  (6) 
Amido-  and  substituted  amido-dicarboxylic  acids  of  the  saturated 
39 
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^7)  Tbe  addi  of  thii  lerie*  oombJiK  wilh  diuowetic  icid,  yielding  pyraialiae 
lenTatiTC*  ^A.  •73,  114 ;  B.  97,  S68],  which  pu*  into  trimethjleoe  deriTatiTcs  b; 
be  elimination  of  nilrogeo  (p.  366) : 


CO,C,H,CH      CHCOiCH,      CO,CH,.CH-CHCO,^H. 

COiCH^H-CHCOiCl 

CO,C,H,CH^     ^f*            "C0,CH,.CH  Jj 

'  CO^HtdH^ 

+  N.. 

■M;5SSr^ 

Fumaiic  and  malelc  acids,  the  first  members  of  this  series,  are  by  far 
the  most  important  acids  of  their  class. 

Fumaric  Acid,  C,H,(CO,H).,  occurs  free  in  many  plants,  in  Ice- 
land moss,  in  Fumaria  offiiinalts  and  in  some  fungi.  It  is  fonned  (1) 
when  inactive  and  active  malic  acid  are  heated  (water  and  raaleic 
anhydride  and  other  products}  (B.  12,  2281 ;  18,  676) ;  (3)  in  boil- 
ing Ihe  aqueous  solutions  of  monochlor-  and  monobrom-succinic  acids ; 
(3)  by  heating  dibrom-  and  isodibrom -succinic  acids  with  a  solution 
of  potassium  iodide;  (4)  synthetically  from  dichlor-  or  dibromacetic 
acid  and  silver  malonate ;  (5)  from  malelc  acid  (see  the  cooveision  of 
fumaric  and  maleic  acids  into  each  other).  It  may  be  prepared  by 
boiling  brom-succinyl  chloride  with  water  (B.  23, 37S7)- 

Properties. — It  is  almost  insoluble  in  cold  water.  It  crystallizes 
from  hot  water  in  small,  striated  prisms.  It  sublimes  at  200°,  and  at 
higher  temperatures  decomposes,  forming  maletc  anhydride  and  water. 

Tbt  tihtr  lalt,  C,H,0,Ag,,  is  retj  insoluble;  it  reiisti  Ihe  light qoile  well.  The 
iariK'i  ifll,  C,H,0,Ba  -f-  jaq,  consists  of  prismatic  ciTStals,  vhich  effloresce  and 
■hen  boiled  with  water  chuigE  to  C,H,0,Ba— a  salt  thai  is  practicallf  insoluble  id 

The  est/rs  are  obtained  from  the  silver  salt  hy  the  action  of  alkyl  iodides,  and  bj 
leading  HCI  into  the  alcoholic  solutions  of  fumaric  and  malelc  acids  (B.  13,318.1). 
Ther  ate  also  produced  in  the  dialillation  of  the  esters  of  bromsncdDic  acid,  malic 
Kcid  and  aceto-malic  acid  (B.  12,  R.  813).  They  air  also  obtained  from  maletc 
etteti  (see  p.  459),  and  from  diazoacetic  esters  on  the  application  of  heat  (B.  ag, 
t6i1      They  unite  aBr,  forming  eitets  of  dibroinsuccinic  scid. 

The  mtlhyl  eilir,  (^H,(CO,-CH,),,  melts  at  loJ",  and  boils  at  iga".  The 
/rtW*j/^f  is  liquid,  and  boils  at  218°  (B.  12,  2283). 

Many  other  substsnces  have  the  powerof  adding  themseWes  to  them,  <.^,,  sodium 
scetMcetic  ester,  sodium  malonic  eslet  (B.  04,  3O9,  2887,  R.  636),  sodium  cyan- 
■  --   T'  V      .  .(.ytie  ester  (p.  3651  phenyl  aioimide,  etc. 

,..,,     '  '  ,  (  I  >  I    I  :  I    I  II  .CO.  CI,  boiling  at  160°,  is  produced  when 

cts  iiiw '"'■'■"ic  acid  (II.  18,  iy47)'     Bromine  converts  it  into  dibromsuccinyl 
)■  (A   Suppl.  a,  86),  and  with  sodium  peroxide  (hydiaie)  it  yields  Fitmarii 
».  aH,0,-"'''''tepo"ii".riipladingat8o'>  (B.  ig,  1716). 
t^itmieAHd,  CONH, ,  CH :  L  H .  CO,H,  melts  at  aij".     It  is  formed  when 
rioeli  acted  upon  wiihioethvl  iodide  and  caustic  potash  (A.  259,  137). 
MnmiJt,  CONH,t  H  =  CH  .  CONH,,  melts  at  266°  (B.  25,  643). 
^hy^r^i',   NHi.NH.CO.CHtCH.CO.NH.NH,,    melts    wilh    de- 
^l^at  120°.    Auurou/r  is  crystalline.     It  explodes  easi1y,aDd  when  boiled 
,icl.'  ^*"'  («■  «9.  K.  231). 
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Fumaraniiu  Acid,  CONHCgH^CH  =  CH .  CO,H,  from  the  corresponding 
chloride  and  water,  melts  at  230-231°.  Fumaranilic  Chloride^  CONH .  C^H^ .  CH  = 
CH.COCl,  melting  at  119-120°,  crystallizes  from  ether  in  transparent,  strongly 
refracting,  sulphur-yellow  colored  prismatic  needles  or  plates.  It  is  produced  when 
aniline  acts  upon  fumaryl  chloride  in  excess.  Fumardianilide,  CONHC^H^CH  = 
CHCONHC^Hj  (A.  239,  144). 

Male'ic  Acid,  C4H4O4,  melting  at  130^,  boils  at  160^  with  decom- 
position into  maleic  anhydride  and  water.  Its  anhydride  is  formed  as 
mentioned  under  fumaric  acid  : 

(i)  By  the  rapid  heating  of  malic  acid. 

(2)  In  the  slow  distillation  of  monochlor-  and  monobromsuccinic 
acid,  as  well  as  acetyl  malic  anhydride  at  the  ordinary  pressure. 

(3)  By  the  action  of  PClg  upon  malic  acid  (A.  280,  216). 

(4)  Maleic  acid  is  formed  synthetically,  in  small  amount,  when 
silver  or  sodium  acts  upon  dichloracetic  acid  and  dichloracetic  ester. 

(5)  Maleic  acid  is  obtained  on  decomposing  trichlorphenomalic 
acid  or  /9-triphloracetoacrylic  acid  (p.  382)  with  baryta  water. 
Chloroform  is  produced  at  the  same  time. 

(6)  From  fumaric  acid  (see  transformations  of  fumaric  and  maleic 
acids). 

Maleic  acid  crystallizes  in  large  prisms  or  plates,  is  very  easily 
soluble  in  cold  water,  and  possesses  a  peculiar,  disagreeable  taste. 

Salts. — C4H,04Ag,  is  a  finely  divided  precipitate.  It  gradually 
changes  to  large  crystals.  C4H,04Ba  +  laq  is  soluble  in  hot  water, 
and  crystallizes  well. 

The  esters  result  from  the  action  of  alkyl  iodides  upon  the  silver 
salt: 

The  methyl  ester,  C,H,(CO, .  CH,),,  is  a  liquid,  and  boils  at  205°.  The  ethyl  ester 
boils  at  225^.  When  neated  with  io^ne  they  change  for  the  most  part  into  fumaric 
esters. 

CHCO 

Maleic  Anhydride,  u        >0,  melting  at  53^  and  boiling  at  202^, 

CHCO 

is  produced  (i)  by  distilling  maleic  or  fumaric  acid  alone,  or  more 
readily  (2)  with  acetyl  chloride;  (3)  by  the  distillation  of  mono- 
chlor-  and  monobromsuccinic  acids,  and  also  of  aceto-malic  an* 
hydride  (A.  254,  155);  (4)  when  PCI5,  PjOj  and  POCl,  act  upon 
fumaric  acid  (A.  268,  255).  It  is  purified  by  crystallization  from 
chloroform  (B.  12,  2281 ;  14,  2546).  It  consists  of  needles  or  prisms, 
having  a  faintly  penetrating  odor.  It  regenerates  maleic  acid  by  union 
with  water,  and  forms  isodibromsuccinic  anhydride  when  heated  with 
bromine. 

Maldc  Chloride  (B.  x8,  1947). 

CH  .  CONH,         CH .  C^n 
Maletnamic  Acid,  \\  or     ||  yO       (?),  melts  at  152-153^     Its 

CH.COOH  CH.C=:0 

— "n^"i"'"  salt  forms  when  ammonia  acts  upon  maleic  anhydride.     Aqueous  potash 
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copteiU  die  acid  into  malefc  add,  whereas  fimaric  add  resales  when  it  is  treated 
with  alcoholic  potash.     MalOnnutkyhmu  Acid  melu  at  149^  (B.  ag,  653). 

yNHCLH, 
CH .  CO .  NH  .  CH.        CHC^H 
MaiOmmmlic  And,  \\  or   ||        }0        (?),  melting  at  187- 

CH .  COOH  CHC^ 

187.5^,  is  formed  when  aniline  acts  upon  an  ethereal  solotion  of  malelc  anhydride. 
Heated  under  greatly  reduced  pressure  it  splits  into  BuJelc  anhydride  and  aniline, 
which  reunite  in  the  receiver  to  malelnanilic  acid.    Alcoholic  potash  and  baryta  water 
convert  it  into  fumaric  add  (A.  259,  137). 
CHCOv 
Maieinaniif  [I  ^NC,Hg,  melting  at  90-91^,  results  upon  heating  aniline 

malate.     It  consists  of  bright  yellow  needles.     It  combines  readily  with  aniline, 
forming  phenylasparaginanil  (A.  239,  154),  melting  at  210-211^. 

Malttnkydrasine,  CO,H .  CH :  CH  .  CO,N,Hj.      See  also  dimethylketazine,  p. 
220. 

CH.C^N.NH, 
AmidomalAnimide^  ||  >0        ,  melting  at  ill®,  is  obtained  from  maleTc 

CH.CO 
anhydride  and  hydrarine  hydrate  in  alcohol.     When  iti  solution  is  heated  it  changes 

CH.CO.  Nil 
to  MalHnhydratide,  i  (     ,  consisting  of  little,  white  crystals,  which  do  not 

melt  at  250®.     It  is  a  strong  acid. 


BBHAVIOR  OP  PUM ARIC  AND  If  ALSfC  ACIDS. 

1.  Acetylene  is  formed  when  the  alkali  salts  of  these  adds  are  electrolysed 

2.  Sodium  amalgam,  or  rinc,  reduces  them  both  to  succinic  add. 

3.  When  heated  to  100®  with  caustic  soda  both  acids  change  to  inactive  malic  acid 
(A.  269,  76). 

4.  Fumaric  and  maleTc  esters  react  with  sodium  alooholates  to  form  alkylic  ozy- 
sucdnic  acids  (B.  x8,  R.  536}. 

5.  Bromine  converts : 

Fumaric  acid  into  dibromsucdnic  acid. 

Fumaric  ester  **         •*        ••         ester. 

Fumaryl  chloride  '*         "      succinyl  chloride. 

MaleXc  anhydride  "    isodibromsucdnic  anhydride. 

6.  Potassium  permanganate  changes  (B.  14,  713) : 

Fumaric  acid  into  racemic  add. 

Malelc      "  *<    mesotartaric  add. 


CONVBR8ION  OP  PUMARIC  AND  MALBIC  ACIDS  INTO  EACH  OTHBR. 

I.  When  fumaric  add  is  heated,  or  treated  with  PCI5,  FOCI,  and  P,0,  (A. 
^55 1  <73t  30  ^^  becomes  malelc  anhydride, 
a.  MaleTc  acid  changes  to  fumaric  acid : 
(<i)  When  it  is  heated  alone  in  a  sealed  tube  to  200®  (B.  27,  X365). 

'  <%  action  of  cold  HCl,  HBr,  HI  and  other  acids ;  SO,  and  H,S  (B. 
^11  as  by  the  action  of  bromine  in  sunlight  (B.  29,  K.  1080). 
pg  ^ — i-..^  ^--.-^  ^jiIj  iodine  fumaric  esters  result. 

^  malelnamic  and  malelnanihc  adds  to  fumaric  acid. 
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THB  ISOMBRISM  OP  PUMARIC  AND  MALBIC  ACIDS. 

The  view  generally  accepted  as  to  the  cause  of  the  isomerism  of  these 
two  acids  was  presented  in  the  introduction,  under  the  section  relating 
to  the  geometrical  isomerism,  the  stereoisomerism  of  the  ethylene 
derivatives  (p.  49).  In  conformity  with  this  representation  we  find 
in  maleic  acid,  readily  forming  an  anhydride,  an  atomic  grouping, 
which  follows  the  plane-symmetric  configuration,  according  to  which 
the  carboxyl  groups  are  so  closely  arranged  with  reference  to  each 
other  that  the  production  of  an  anhydride  follows  without  difficulty. 
Fumaric  acid  is  not  capable  of  forming  an  anhydride,  hence  it  has 
the  central  or  axial  symmetric  structure. 

These  space-formulas  satisfactorily  represent  the  intimate  connection 
existing,  as  shown  by  Kekuld  and  Anschiitz,  between  fumaric  and 
racemic  acids,  and  maleic  and  inactive  tartaric  acids.  According  to 
the  van  t'HoffJ^  Bel  view  of  these  four  acids,  the  oxidation  of 
fumaric  to  racemic  acid  by  means  of  potassium  permanganate  and 
maleic  to  mesotartaric  acid,  may  be  shown  by  the  following  formulas, 
which  have  a  spacial  significance  (compare  p.  49) : 


CO,H  CO,H 

H— C-CO,H  H— *(!:-0H  HO— *C— H 

n  +20  +  2H,o=  ,  +  , 

CO,H— C—H  HO— *C— H  H-»6-0H 

(!o,H  CO5H 

Fumaric  Acid  Dextro-tartaric  Acid     -f     Laevo-tartaric 

Acid  =  Racemic  Acid. 


CO.H 

H— C— CO,H  _         H— *C— OH 

B         »       4-  O  +  H,0  =  I 

H— C— CO,H  H— ♦€— OH 

(!:o,H 


Maleic  Acid  Mesotartaric  Acid. 

The  oxidation  of  the  two  acids,  based  on  stereochemical  formulas, 
is  so  represented  that  upon  severing  the  double  linkage  in  fumaric 
acid  by  the  addition  of  hydroxyl  groups  an  equal  number  of  mole- 
cules of  dextro-  and  laevo-tartaric  acid  results,  while  by  the  rupture 
of  the  double  linkage  in  maleic  acid  only  mesotartaric  acid  is  formed. 

Cognizant  of  this  view,  J.  Wislicenns  has  sought  to  explain  the  conversion  of 
maleic  into  famaric  acid  by  hydrochloric  acid  in  the  following  manner :  In  these 
two  acids  the  two  donbly-linked  carbon  atoms  cannot  rotate  independently  of  each 
other,  consequently  not  in  opposite  directions,  but  when  the  double  union  is  removed 
by  the  addition  of  two  univalent  atoms,  then  free  rotation  is  restored.  Accordingly, 
J.  Wislicenns  explains  the  conversion  of  maleic  acid  by  means  of  hydrochloric  acid 
into  famaric  acid  as  follows:  Considering  the  extreme  ea«e  with  which  maleic  acid, 
in  contrast  to  (umaric  acid,  lends  itself  to  the  formation  of  addition  products  (B.  12, 
2283),  it  first  absorbs  the  elements  of  the  mineral  acids  {e.  g,^  HCl),  and  becomes  a 
tnbititiited  sncdnic  add,  which,  under  the  directing  influence  of  the  greater  affinities, 
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Ae  f  ffciicd  configuration  (in  which  similar  groups  are  as  fully  removed 
odwr  as  possible)  by  the  rotation  of  the  one  system  in  opposition  to  the 

mom  in  consequence  of  the  influence  conditioned  by  the  splittmg-off  of 

b««iNcftVxic  atid.  doe  in  part  to  the  water  present,  and  in  part  to  the  ^Mring  soIb- 
-^i*»  et  nflMik  add,  changes  to  this  add. 


It-C-C0,H  +HC,      C  t  .„ciCO,H-C-H 

H— c— oolh  c  c  h— c— co,h 

HHCOjH  H  H  CO,H 

■^riiM'  Add  Mooochlorsacciiiic  Add  PoBark  Add. 

previous  to  after  rotation 

rotation 

in  the  preferred  position 

Sov^ver*  tbe  intermediate  product,  monochlorsuccinic  acid,  is  known  in  the  free 
cgoJition.  that  is,  in  the  preferred  configuration.  It  b  stable  toward  hydrochloric 
«cic  *t  lo^,  and  its  anhydride  unites  with  water  to  the  original  acid,  instead  of  yield- 
tM  ittiaanc  acid,  although  in  so  doing  the  monochlorsncdnic  acid,  as  predicted  by 
r^VbjJicentts,  in  the  conversion  of  malelc  into  fumaric  acid  would  change,  throogfa 
i^HaOOB,  from  the  less  favorable  to  the  preferred  configuration  (Anschfiz,  A.  254, 
t«^  .  Thb  is  by  no  means  the  only  fact  with  which  the  preceding  explanation  ai 
*Mf  mechanism  of  the  reactions  showing  the  conversion  of  fumaric  into  maleXc  add, 
^nJ  vke  versA,  clashes  (compare  B.  ao,  3306;  24,  R.  823;  24,  3620;  25,  R.  418; 
«k  R.  177;  A.  259.  I ;  a8o.  226). 

la  the  introduction  to  the  unsaturated  dicaxboxylic  adds  it  was  shown  that  at  least 
M«r  of  these  acids  could  only  exist  in  the  anhydride  form,  as  their  hydrate  forms 
^^«  down  in  the  moment  of  their  liberation  from  salts  into  anhydrides  and  water. 
tVis>e  acids  are  intimately  related  to  malelc  acid;  they  are  the  dialkjrlic  malelc 
^>,^  The  monoalkylic  acids  are  still  capable  of  existing  in  hydrate  form,  althoogfa 
;^«  change  more  easily  than  malelc  add  to  their  anhydrides.  Considering  the 
^i^«.yy  with  carbonic  acid,  the  salts  of  the  dialkylic  malelc  adds  may  be  vievred  as 
.j^rttaiives  of  a  hypothetical  acid  hydrate,  in  which  the  two  hydioxyl  groaps  are 
poached  to  the  same  carbon  atom,  and  this  view  may  be  considered  to  prevail  with 
^^*  acid  and  with  the  monoalkylic  malelc  acids,  so  similar  to  the  dialkylic 
«A^'  acids.  The  assumption  that  fumaric  acid  is  symmetrical  ethylene  dicaifaoxylic 
«k.nl  and  maleTc  add  the  >'-dioxylactone  corresponding  to  this  dicarboxylic  add  in  no 
%«9<>  lenders  a  stereochemical  formulation  of  the  two  adds  impossible.  Probably  the 
>i«Mv<h«inical,  different  arrangement  and  the  different  position,  in  the  chemical  stmc> 
,11^  of  the  atoms  contained  in  both  adds  mutually  infloence  each  other  (A.  254, 

.OH 
H.C.COOH  H.C.C— OH 

II  II    >o 

CaH.C.H  H.C.CO 

Fumaric  Acid  Malttc  Add. 

M^««v«r»  even  this  view,  as  yet,  does  not  afford  a  satisfiictory  explanation  of  the 
,(,^^«  bv  which  these  acids  are  converted  into  each  other.    Consult  A.  239,  1 61, 
**"  v^  |ii>t\4y  of  the  isomerism  of  fumaric  and  maleTc  acids. 

^  v'W  \ar*»  '  '  * ''to  the  cause  of  the  isomerism  of  fumaric  and  maleXc  adds  are 

* T>n  as  to  the  nature  of  the  double  linkage  (p.  51). 
>e  directed  to  the  difference  in  the  heat  of  combustion  of 
licate  that  the  energy  present  in  the  acids,  in  the  form  of 
y  difierent.    <*  This  fact  suggests  the  posafaility  that  the 
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cause  of  the  isomerisni  is  not  to  be  sought  exclusively  in  the  ▼arying  airangement  of 
the  atoms,  nor  in  their  different  spacial  positions,  but  that  we  should  also  consider  the 
varying  magnitude  of  the  motion  of  the  atoms  (or  atom  complexes)."  It  is  also  pos- 
sible to  imagine  a  case  in  which  the  isomerism  would  only  be  influenced  by  the  differ- 
ence in  energy  content— a  case  in  which  there  might  be  perfect  similarity  in  linkage 
and  also  in  the  special  arrangement  of  the  atoms.*' 

In  addition  to  structural  and  spacial  isomerism,  we  would  have  the  hypothesis  of 
an  energy  or  dynamical  isomerism  (Tanatar,  A.  273,  54;  B.  11,  1027;  29,  1 300), 
which  would  vastly  more  deserve  this  name  than  the  views  to  which  attention  has 
been  drawn  in  connection  with  the  sjrm.  dialkylic  succinic  acids  (p.  444). 

It  b  by  no  means  established  that  fumaric  add  is  not  a  poljrmeric  modification 
of  maleic  acid.  That  their  vapor  densities  are  the  same  proves  nothing  on  this 
point,  inasmuch  as  the  vapor  densities  of  racemic  and  tartaric  esters  are  identical,  and 
yet  the  molecule  of  solid  racemic  acid  consists  of  a  molecule  each  of  dextro-  and 
laevotartaric  acid.  The  same  remarks  are  true  in  regard  to  the  results  obtained  by 
the  freezing-point  depressions. 


HALOID  PUMARIC  AND  MALBIC  ACIDS. 

Monochlorfumaric  Acid,  C4HJCIO4,  melting  at  192**,  results  (i)  from 
tartaric  acid  and  PCl^  or  PClg ;  (2)  from  the  two  dichlorsuccinic  acids ; 
(3)  from  acetylene  dicarboxylic  acid  and  fuming  nitric  acid.  Mono- 
chlormaUlc  Acid  melts  at  106® ;  its  anhydride  melts  at  o®  and  34**,  and 
boils  at  197**  (760  mm.),  95**  (25  mm.).  It  is  produced  when  acetyl 
chloride  acts  upon  chlorfumaric  acid,  and  when  isodichlorsuccinic 
anhydride  is  heated  (A.  280,  222). 

Brom -maleic  Acid,  C4H,Br04,  is  produced  by  boiling  dibromsuccinic  acid  with 
water.  It  melts  at  128^.  Its  anhydride,  boiVing  at  215®,  results  when  isodibrom- 
succtnic  anhydride  is  heated  alone,  or  by  the  action  of  acetic  anhydride  on  dibrom- 
succinic acid.  HBr  converts  it  into  dibromsuccinic  acid  and  bromfumaric  acid. 
Brom-fumaric  Acid,  C^HgBrO^,  is  formed  by  boiling  isodibromsuccinic  acid,  or  by 
the  addition  of  HBr  to  acetylene  dicarboxylic  acid.     It  melts  at  179^. 

When  heated  alone,  or  upon  boiling  with  acetyl  chloride,  both  acids  yield  brom- 
maleic  anhydride.     Mono-iodo  fumaric  Acid  mf\\%  at  182-184^  (B.  15,  2697). 

DichlormaleU   Acid,    CfXfifi^,    results    when    hexachlor-p-diketo-R-hexene, 

^^<Ca  — ra  >^^*  ^^  perchloracetylacrylic  acid,  Ca,CO .  CCl  =  CCl .  CO,H 

(p.  382) ,  are  decomposed  by  caustic  soda  (A.  267,  20 ;  B.  25,  2230).  On  the  applica- 
tion of  heat  it  passes  into  the  anhydride^  C|C1,(C0),0,  melting  at  120^.  PCI5  con- 
verts succinic  chloride  into  two  isomeric  dichlormalHc  chlorides  (B.  18,  R.  184). 

ca.co 

Its  imide,  ||  >NH,    is   obtained    when    succinimide    is    heated   in  a  cur- 

ca.co 

rent  of  chlorine.     It  melts  at  179^.     One  molecule  of  PCI.  changes  the  imide  to 

Ca— CCl, 
dicklarmalHn  imide-chloride,   \\  >NH,  melting  at   147-148^;  this  combines 

CCl— CO 

ca .  C  =  N .  CjHj 
wilCti  9ikl^Ane  io  dichlormaldn  imide-anil,  \\         >NH  ,  melting  at  151-152®. 

CCl .  CO 
Two  molecules  of  PQ|  convert  dtchlormaleln-imide  into  peniachhrpyrrol^  C4Q.N, 
boiling  at  90.5®  (10  mm.).     DichlormaUtn-anil,  melting  at  203®,  is  produced  when 
dichlormalein  anil  chloride  is  boiled  with  glacial  acetic  acid  or  water. 
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Duhlormaleln  anil  chloride ymf^^Ali%  at  123-124^,  boiling  at  179^(11  mm.)  is 

CC1  =  CCI      ^ 
produced,  together  with  tetrachlor-v-pkenyl  Pyrrol^    \  nc*i^     *  ^"»»  w^^^^g 

at  93^,  on  treating  succinanil  with  PQ5.  By  redaction  it  jrields  if-anilido  batyric- 
lactam  (see  succinimide,  p.  448).  Alcohols  convert  it  into  dialkylic  esters:  duklor- 
maidn-anil-dimethyl  ester ^  melting  at  1 10^ ;  while  with  aniline  it  yields  dickhr- 
maMndianily  melting  at  186-187^  (A.  295,  27) : 


CH, .  CO 

>N .  C^Hj 

CO 
Succinanil 


CH,. 


4PCI6 


tcci=cci 
ca=cci 

n-Phenyltetrachlorpyrrol 


CCl .  CCL 

\\  >NC,H, 

ca.co 

Dichlormaleinanil 
Chloride 

CCl.C(OCH,), 

ca.co 

Dichlormaleinanil 
Dimethyl  Ester 


loH 


CHj^— CHj 

CH,— CO 
y-Anilidobutyric 


Lactam 


Ca .  C=NC,H. 
Dichlormaleiiidianil. 


Dibrom-maleic  Acid,  C2Br,(C02H)2,is  obtained  by  acting  on  succinic  acid  with 
Br,  or  by  the  oxidation  of  mucobromic  acid  with  bromine  water,  silver  oxide  or  nitric 
acid.  It  is  very  readily  soluble,  melts  at  120^-125^,  and  readily  forms  the  anhydride ^ 
C,Br,(CO),0,  which  melts  at  115°  (B.  13,  736).  Chlorbrom-maUU  Acid^  see  B.  ag, 
R.  186. 

Dibrom-fumaric  Acid^  melting  at  219-222°,  and  Di-iodofumaric acid^  decomposing 
at  192°,  are  the  additive  products  of  bromine  and  iodine  with  acetylene  dicarboxylic 
acid  (B.  12,  2213;  24,  41 18). 

Acids,  CjHeO^  ^=  CaH4(COjH)2. — Eight  dicarboxylic  acids,  having 
this  formula,  aie  known.  There  are  four  unsaturated  acids  isomeric 
with  ethidene  malonic  acid  described  on  p.  457  :  (i)  Mesaconic  cuidy 
(2)  Citraconic  acid,  (3)  Itaconic  acid,  (4)  Glutaconic  acid,  and  three 
tri methylene  dicarboxylic  acids.  Mesaconic  and  citraconic  acids  bear 
the  same  relation  to  each  other  as  fumaric  to  maleic  acid.  They  show 
similar  conversions  of  one  into  the  other.  These,  however,  occur  less 
readily  than  in  the  case  of  the  latter  acids  (B.  29,  R.  412)  The  in- 
troduction of  the  methyl  group  increases  the  tendency  of  citraconic 
acid  very  considerably  to  break  down  into  its  anhydride  and  water. 
This  takes  place  at  100°  under  diminished  pressure  (compare  chloral 
hydrate).  Mesaconic  acid  is  more  easily  changed  by  acetyl  chloride 
to  citraconic  anhydride  than  fumaric  acid  to  maleic  anhydride. 
Furthermore,  maleic  anhydride  combines  more  readily,  and  therefore 
more  rapidly,  with  water  than  citraconic  anhydride. 

(1)  Mesaconic  Acid,  Methyl  Fumaric  Acid,  Oxytetrinic  Acid,  CLH4(CO,H),,  is 
prepared  by  heating  citra-  and  itaconic  acid  with  a  little  water  to  200^  and  by  evapo- 
rating citraconic  acid  with  dilute  nitric  acid,  cone,  haloid  acids,  or  with  concentrated 
sodium  hydrate  (B.  269,  82;  B.  29,  412)  (Compare  a-  and  /3-methyl  malic  add  (p. 
492)  and  from  dibrommethyl  acetoacetic  acid  (p.  378)  Brommesaconie  Acid  melts  aX 
220°  (B.  27,  185 1,  2130).     It  dissolves  with  difficulty  in  water  and  melts  at  202®. 

(2)  Citraconic  Acid,  methyl  maleic  acid,  melting  at  80^  and  easily  soluble  in  water, 
is  obtained  from  its  anhydride  by  heating  the  latter  with  water.     Citraconic  Anhy- 

CH, .  CCO 
dride,  l|      >0,  melting  at  7^  and  boiling  at  213-214®,  is  also  fonned  by  heat- 

IICCO 


HOMOLOGUES  OF  MESA-,   CITRA-  AND  ITACONIC  ACIDS.  465 

ing  the  acid  and  mesaconic  add,  or  on  treating  them  with  acetyl  chloride,  and  is 
obtained  by  the  repeated  distillation  of  the  distillate  resulting  from  citric  add,  due, 
probably,  to  a  rearrangement  of  the  itaconic  anhydride  produced  at  first. 

When  boiled  with  a  return  condenser,  it  is  changed  in  part  to  xeronic  acid  or  di- 
ethylmalelc  anhydride,  p.  466.  Bromcitraconic  Anhydride  melts  at  99^  (B.  27, 
1855). 

Hydrogen  converts  dtra-  and  mesaconic  acids  into  pyrotartaric  acid  (p.  444). 
Their  haloid  acid  and  halogen  addition  products  have  been  described  as  halogen  sub- 
stitution products  of  pyrotartaric  acid  (p.  451).  Alfylene,  CHgC  =  CH,  results  in 
the  electrolysis  of  both  acids. 

Citratonani/u  Acid  mehs  at  153^  (A.  254,  1 35). 

CHraconanil  melts  at  98®  (B.  23,  2979 ;  24,  314). 

CH.=  C CO,H 

(3)  Itaconic  Acid,  methylene  sucdnic  acid,  1  ,  melting  at 

CHj —  COjH 

161^,  is  formed  by  the  union  of  its  anhydride  with  water,  or  when  citraconic  anhy- 
dride is  heated  with  3-4  parts  of  water  to  150^.  Hydrogen  causes  it  to  revert  to 
pyrotartaric  acid,  and  when  electrolyzed  yields  sym.  allylene  or  allene,  CH,  =- 
C  =  CH,  (p.  99).  It  forms  pseudoitacananilic  acid^  the  lactam  of  y-anilidop3rro- 
tartaric  acid  (p.  492)  (A.  254,  129^,  when  U  is  boiled  with  aniline.  For  the  addition 
of  HBr  and  Br,  see  p.  451.  The  itaconic  esters  readily  polymerize  to  vitreous 
modifications^  having  high  refractive  power  (B.  14,  2787 ;  A.  248,  203). 

CH,  =C CO 

Itaconic  Anhydride,  \  >0,  melting  at  68^  and  boiling  at  139- 

CH| —  CO 

140^  (30  mm.),  is  probably  the  first  decomposition  product  of  aconitic  acid,  resulting 
from  heating  dtric  acid.  The  name  aconitic  acid  gives  rise  to  the  name  itaconic  acid 
by  syllable  exchange.  It  has  been  obtained  from  its  hydrate  (B.  13,  1539),  and  from 
the  silver  salt  by  the  action  of  acetyl  chloride  (B.  13,  1844).  It  has  also  been  de- 
tected in  the  products  formed  in  the  distillation  of  citric  acid  (B.  13,  1542).  It 
crystallizes  from  chloroform  in  rhombic  prisms,  melts  at  68°,  and  distils  unaltered 
under  diminished  pressure,  but  at  ordinary  pressures  changes  to  citraconic  anhydride. 
It  combines  with  water  more  readily  than  the  latter.  Itaconanilic  Acid  melts  at 
151.50  (A.  254,  140). 

Homologues  of  Mesa-,  Citra-  and  Itaconic  Acids. 

Before  discussing  glutaconic  add,  the  homologues  of  mesa-,  citra-,  and  itaconic 
adds  will  be  presented.  The  homologues  of  citraconic  acid  are  produced  when 
alkylic  paraconic  acids — the  condensation  products  resulting  from  aldehydes  and  suc- 
cinic acid,  or  pyrotartaric  acid  (p.  492) — are  heated  alone  (A.  255,  I ;  283,  47). 
The  monoalkyiic  maleic  acids  have  vielded  the  homologues  of  mesaconic  acid. 
However,  the  dialkylic  maleic  acids  only  exist  as  anhydrides  in  the  free  state,  but  can 
be  converted,  by  boiling  with  concentrated  caustic  soda,  into  the  corresponding  dialkylic 
fumaric  acids  (B.  29,  1 842V  The  conversion  of  certain  itaconic  adds  into  isomeric 
aticonic  acids  with  caustic  alkali  is  very  remarkable.  They  seem  to  bear  the  same 
relation  to  each  other  that  has  been  observed  with  fumaric  and  maleic  acids.  The 
products  of  the  action  of  alcoholic  potash  upon  the  dibrom-derivatives  of  the  mono- 
alkyiic acetoacetic  esters  have  been  recognized  as  alkyl  fumaric  acids ;  thus,  oxytetrinic 
add  b  mesaconic  add,  oxypentinic  acid  is  ethyl  fumaric  acid,  etc.  (p.  379).  Further- 
more, monoalkyiic  fumaric  acids  have  been  obtained  from  monoalkyiic  ethane  tricar- 
boxylic acids  by  the  elimination  of  halogen  hydride  and  CO,  after  the  halogens  have 
been  introduced  (B.  24,  2008). 

Mono-alkylic  Fumaric  and  Afaldc  Acids  : 

Ethyl  Fomaric  Add,  194^  ;  Ethyl  Maleic  Add,       100° ;  Anhydride,  229<*. 

n-Pkopyl  Fumaric  Acid,     1^4^  ;  n-Propyl  Maleic  Acid,   94°  ;         "  224^ 

Isopropyl  Fumaric  Add,    x86**. 
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R^  C .  COv 
Dialkylic  Maleic  Anhydrides :  11  ^O. 

R".  C .  00^ 
(I)  Dimeihylmaldc  Anhydride^  PyrodnchoDic  Anhydride,  melts  at  96^  and  boik 
at  223**. 

!2)  MethylethylmaUtc  Anhydride  is  a  liquid  boiling  at  236-237®. 
3)  DitthylmaleU  Anhydride,  Xeronic  Anhydride,  is  a  liquid  boiling  at  242®. 

Compounds  i  and  2  were  obtidned  by  heating  the  condensation  piodnct  of  succinic 
(or  pyrotartaricj  acid  and  pyroracemic  acid  to  130-140®  with  acetic  anhydride  until 
the  eyolutioD  ot  CO,  ceased  ^A.  267,  204).  Xeronic  anhydride  resulti  when  citra- 
conic  anhydride  is  heated  witn  a  return  cooler.  The  three  anhydrides  are  Tolatile  in 
steam ;  they  do  not  combine  with  water.  Their  hydrates  cannot  exist  They,  how- 
ever, form  salts  and  esters  (see  p.  456). 

Dimethyl  Maieic  Anhydride,  or  Pyiocinchonic  Anhydride,  is  obtained  by  ozidixing 
turpentine  oil  (together  with  terebic  add)  with  nitric  add ;  also  by  heating  dncbooic 
acid : 

CH, .  CH(CO,H) .  CH  .CO,H  CHj .  C  C .  CH, 

io-o CH,  ^         io — O — CO        "*"  ^ 

Cinchonic  Acid  Pyrocincbonic  Anbsrdnde. 

and  by  heating  a-dichlor-,  or  dibrom-propionic  acid  with  reduced  silver  (B.  18,  826, 
835).  Its  aqueous  solution  has  a  very  acid  reaction  and  decomposes  alkaline  car- 
bonates. Its  solutions  acquire  a  dark -red  color  on  the  addition  of  ferric  chloride. 
It  is  reduced  to  2-dimethyl  succinic  acids  (p.  447),  and  with  chlorine  unites  to 
dimethyl  dichlor-succinic  anhydride  (B.  26,  R.  190^.  Pjrrodnchonic  add,  boiled 
with  a  20  per  cent,  sodium  hydrate  solution,  jrields  dimethyl  fumaric  acid  or  meikyl- 
mesaconic  acid,  melting  at  240®,  and  a-methylitaconic  acid,  melting  at  150®  (B.  29, 
1842). 

Monoalkylic  and  dialkylic  itaconic  acids  result  from  the  action  of  sodimn  or 
sodium  ethylate  (A.  256,  50)  upon  the  corresponding  paraconic  esters  (p.  492).  Thus« 
terebic  ester  or  ^'-dimethyl  paraconic  ester  with  sodium  or  sodium  ethylate  yields 
teraconic  acid  or  T'-dimethylitaconic  acid : 


CO,C,H, 


C^i>C— iH-CH,  +  Na  =  ch'>^  =  C  —  CO,C,Hj  +  H 

to  *  (!:H,.CO,Na 


Terebic  Ester  Sodium  Teraconethyl  Ester. 

They  are  also  produced  when  the  mono-alkylic  citraconic  acids  are  heated  to  140®- 

150°  with  water  (B.  25,  R.  161 ;  A.  256,  99). 

CH,.CH  =  C—  CO,H 
y-Methylitaconic  Acid,  Ethidene  Succinic  Acid,  1  ,  melts  at 

CH, .  CO.H 

165-166®.     a-MethylUaconic  Acid  melts  at  150®  (see  p3rrocinchonic  acid).     Ethyl- 

itaconic  Acid  melts  at  164-165®.     n-Propylitaconic  And  melts  at  159®.     Jsobutylita- 

conic  Acid  melts  at  160-165®. 

CO  H 
Teraconic  Acid,  y-Dimethylitaconic  Acid,  (CHj),C:C</^j^    CO  H*    "^    P*^" 

duced  in  small  quantity  (together  with  p3rroterebic  acid)  (see  this)  in  the  distillation  of 
terel)ic  acid  and  by  the  condensation  of  succinic  ester  and  acetone  with  sodium  ethyl- 
ate (B.  27,  1 122).  It  melts  at  162®,  decomposing  at  the  same  time  into  water  and 
its  anhydride,  C^H^O,.  The  latter  boils  near  275®.  Hydrobromic  acid  or  heat  and 
sulphuric  acid  cause  it  to  change  to  isomeric  terebic  acid  (A.  226,  363). 

y-Methyl-ethyl-itaconic  Acidva^Wh  at  165°  (A.  282,  283). 

Dimethylitaconic  Acid,  melting  about  140®,  is  isomeric  with  teraconic  add,  to 
winch  it  seems  to  sustain  the  same  relation  as  citraconic  acid  to  mesaconic  add.     It 
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results  00  boiling  teraconic  acid  with  caustic  soda  (Fittig,  B.  a6,  2082).  MHkyl- 
ttkylitatonu  Aa'i/meltM  at  141®  (A.  282,  283). 

The  following  nnsatiiraied  dicarboxjlic  acids  may  also  be  mentioned : 

GlataconicAcid,CH^^[^-^^,  melting  at    I32^  is  isomeric  with  ita,- 

dtim,-  and  mesaconic  acids,  and  ethidene  malonic  acid ;  it  arises  in  the  saponification 
of  the  dicarboxyl  glntaconic  esters  with  hydrochloric  add  (A.  222,  249).  It  has  also 
been  obtained  by  the  action  of  barium  hydrate  upon  conmalic  ester  (p.  496)  (A.  264, 
501).  Its  zifu  salt  separates  from  boiling  solutions.  The  ethyl  ester ,  from  the  stWer 
salt,  boils  at  237-238^.  The  anhydride,  produced  by  heating  glutaconic  add  and 
^oxyglutaric  acid  (Kekuli),  or  by  treating  glutaconic  acid  with  acetyl  chloride,  melts 
at  82-83®  (m.  p.  87®,  B.  27, 882).  The  imide  melU  at  183-184®.  It  is  obtained  (l) 
from  glutaconamic  add,  (2)  from  glutaconamide,  and  (3)  from  ozyglutaramide  upon 
beating  with  sulphuric  add  to  1 30-140®.  Sodium  and  methyl  iodide  convert  it  into 
glntaconmethyl  imide ;  nitrous  acid  produces  an  NO  derivative ;  distilled  over  zinc 
dust  it  forms  pyridine,  and  when  treated  with  PCl^,  pentachlorpyriditu,  C^G^N  (see 
constitution  of  pyridine),  results. 

^CklorghUacotne  Acid  melts  at  195® ;  it  is  formed  from  FCl^  and  acetone  dicar- 
boxylic  acid  (see  this)  ;  compare  glutinie  acid  (p.  468).  Tetracklorglutaconic  Acid 
melts  at  109-I10®  (B.  25,  2697).  Homologues  of  glutaconic  acid,  see  B.  23,  3179; 
B.  27,  R.  193. 

HydxoiDQConic  Acids.  * 

«         y  ^  « 

a)9.Add :  CO,H .  CH, .  CH, .  CH  =  CH .  CO,H,  m.  p.  169®— stable  form. 
^y-Acid :  COjHT.  CH, .  CH  =  CH .  CH, .  CO,H,  m.  p.  I95«— unsUble  form. 

The  unstable  modification  is  produced  by  the  reduction  of  dichlormuconic  add, 
mnconic  add  (see  below),  and  diacetylene  dicarbozylic  acid  (p.  468).  It  dissolves 
with  difficulty  in  cold  water ;  potassium  permanganate  oxidizes  it  to  malonic  add. 
It  changes  to  the  stable  variety  on  boiling  with  sodium  hydrate,  and  this  permanga- 
nate ozidizes  to  sucdnic  add.  Sodium  amalgam  reduces  the  unstable  form,  after  its 
conversion  into  the  stable  variety,  into  adipic  add  (p.  454). 

CH,:  CH .  CH,.  CH  .CO.H 

Allyl  Succinic  Acid,       ^  Au     r^A.  u*   ™*'^  **  ^^'     ^*  "  formed 

CH| .  CO,H 

from  allyl  ethenyl  tricarboxylic  add  by  the  elimination  of  CO,  (B.  z6,  333).    Allyl- 

methyl-  and  allylethyl  succinic  acids,  see  B.  25,  488. 

IsovaleraMuiaHc    Acid,     (CH,), .  CH .  CH, .  CH :  C(CO,H)CH, .  CH, .  CO,H, 

Ibrmed  togeUaer  with  di-isovaleral  glutaric  acid,  melts  at  75®. 


C.  DIOLEFINE  DICARBOXYUC  ACIDS. 

DiaUylmalonic  Acid,  (CH,  =  CHCH,),C(CO,H)„  melu  at  1330,  and  with 

CH, .  CH,  .  CH,  .  C .  CH, .  CH .  ,CH, 

hydrobromic  add   yields  a  dilactone,   I  /\  I       .       It 

6 CO  CO 6 

breaks  down  into  CO,  and  diallylacetic  acid  when  heated  (p.  289). 

CH  =  CH  .  CO,H 
Muconic  Acid,   1  ,  is  formed  when  alcoholic  potash  acts  upon 

CH  =  CH  .  CO,H 

the  dibromide  of  ;3x-hydromuconic  acid.    It  melts  at  260^.    Dichlormuconic  Acid, 

CJi^J^Afi^,  results  when  PCL  acts  upon  mucic  acid  (B.  24,  R.  629).     It  yields 

^/•hydromnconic  add  with  sodium  amalgam  (B.  23,  R.  232). 


CH,       ,indts 


21*    EUl  s  Mrain*^  -rim  ^lur-ir  *ciii  aiti  .st^xjcaiidijdc  with 

:r  iid  mi    A-  ^fa,  357). 


.11 


r>  Acrmsisi^  Axr 


1 719).     And 

r  (a  a6,  R. 

bj  alcoholic 

h  a4.i---     See  «««5—:«ic  ■■fcTdride  (p.  495).     The 


r.  •  •  ».  awi  EMicste^^m  ggnrTfcier   p.  Jb7i.     The  jsftcr  jkZt  breaks  down 


r:.:^  tBKo  *.*  .'2  aad  suvrr  acm  .oe  A.  sja*  159  .  The  dietkyiestir^  hatliDg  at  145- 
I4&^  '15  MB  ..  B  obcuaed  firaai  d.iaMiii'iiiir  cater  with  wiiliiii  cthjlate  (B.  s6, 
IL  706;.     See  also  th3opJKBe  teuauabuaytic 


Gfaitmic  Acid,  11  ,b  oblaMd  by  dbe  actiaB  of  alcoholic  potash  (B. 

C.CHjCOjH 

90,  147   opoQ  ciilorglfllacooic  add  (p,  467..     It  ndts  at  MS^M^^  ^■'i^  erolntioD 

of  cartioD  dwxkle. 

<^3C.CO,H 

Diacetrlcne  DkafhosTlic  Acid,    1 -«-  H.O,  is  nade  by  the  action 

^  CSC.COjH         ^ 

of  prjCaMinm  ferricyanide  npoo  the  copper  compoimd  of  propioUc  add  (B.  18,  678, 

22t/fj).     It  sMomes  a  dark  red  color  on  exposoie  to  light,  and  at  177^  explodes  with 

a  SiAjA  rrport.     Sodium  amalgam  rcdnces  it  to  hydromacooic  add,  then  to  adipic 

MC%A  and  at  the  same  time  splits  it  up  into  propionic  add.     The  etkyi  esUr  is  an  oil 

t^'ii.inf;  at  184^  (200  mm.).     Zinc  and  hydrodiloric  add  decompose  it  and  yield  pro- 

fjargylic  ethyl  ether. 

CSC.C^.COjH 

Tetra-acetylene  Dicarbcnylic  Acid,  I  .     Caibon  dioxide 

r«^sprf  on  digesting  the  acid  lodium  salt  of  diacetylene  dicarboxylic  add  with  water, 
%w\  there  ii  formed  the  sodium  salt  of  diacetylene  monocarboxylic  acid,  CH^^.- 
('^  -CO,iNa,  which  cannot  be  obtained  in  a  free  condition.  When  ferricyanide  of 
t)oU«ftium  actn  upon  the  copper  compound  of  this  acid,  tetra-acetylene  dicarboxylic 
" -'  if  formed.  Thii  crystallizei  from  ether  in  beautiful  needles,  rapidly  darkening 
YMure  to  light  and  exploding  Tiolently  when  heated.  Consult  B.  18,  2277,  for 
timent  nuide  to  explain  the  explosibility  of  this  derivatiTe. 
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V.    TRIHYDRIC   ALCOHOLS:      GLYCEROLS    AND 
THEIR  OXIDATION  PRODUCTS. 

The  trihydric  alcohols,  or  glycerols,  and  those  bodies  which  may  be 
regarded  as  oxidation  products  of  these,  attach  themselves  to  the 
dihydric  alcohols  (glycols)  and  their  oxidation  products. 

The  glycerols  are  obtained  from  the  hydrocarbons  by  the  substitu- 
tion of  three  hydroxy  1  groups  for  three  hydrogen  atoms,  linked  to 
different  carbon  atoms.  As  the  number  of  hydroxyl  groups  increases, 
the  number  of  theoretically  possible  classes  of  glycerols,  in  contrast  to 
the  glycols,  also  becomes  greater.  These  trihydric  bodies  are  called 
glycerols  after  their  most  important  representative.  The  number  of 
possible  classes  of  oxidation  products  also  grows  accordingly,  and  in 
the  case  of  the  trihydric  alcohols  that  number  is  now  19.  How- 
ever, this  chapter  of  organic  chemistry  has  been  more  irregularly 
developed  than  that  pertaining  to  the  dihydric  derivatives,  and  it  may 
be  said  that  the  glycerols  serve,  even  to  a  less  degree  than  the  glycols, 
as  starting-out  material  for  the  preparation  of  the  various  classes  belong- 
ing here,  some  of  which  are:  dioxymonocarboxylic  acids,  monoxy- 
dicarboxylic  acids,  diketone-mono-carboxylic  acids,  mono-ketone- 
dicarboxylic  acids,  tricarboxylic  acids. 

Oxydialdehydes,  ozydiketones,  trialdehydes,  aldehyde  diketones  and  triketones 
are  only  slightly,  if  at  all,  represented.  The  same  may  be  said  of  the  oxyaldehyde 
ketones,  oxyaldehydic  acids,  oxyketonic  acids,  aldehyde-carboxylic  acids,  and  alde- 
hyde-ketone-carboxylic  acids. 


I.  TRIHYDRIC  ALCOHOLS. 

Glycerol  stands  at  the  head  of  this  class,  although  it  is  not  a 
triprimary  alcohol,  but  rather  a  di primary-secondary  alcohol.  The 
simplest  imaginable  triprimary  alcohol  would  have  the  formula 
CH(CH,OH)j,  and  could  be  referred  to  trimethylmethane,  CH(CH,)„ 
whereas  glycerol  is  derived  from  propane,  and  considering  the  struc- 
ture of  the  carbon  nucleus,  it  is  the  simplest  trihydric  alcohol. 

Although  it  may  appear  unnecessary  to  develop  all  the  possible  kinds  of  trihydric 
alcohols  and  their  oxidation  products,  as  was  done  with  the  glycols,  yet  the  oxidation 
products  theoretically  possible  from  glycerol  will  be  deduced.  By  enlarging  this 
scheme  we  really  construct  a  comparative  review  of  the  oxygen  compounds,  obtainable 
from  methane,  ethane,  and  propane. 

It  is  .also  possible  to  tabulate  the  formulas  of  the  oxygen  derivatives  of  a  hydro- 
carbon in  such  manner  that  the  hydrogen  ntoms  may  be  regarded  as  replaced,  step  by 
step,  by  hydroxyl  groups,  and  we  may  indicate  the  number  of  hydrogen  atoms  attached 
to  one  carbon  atom,  which  have  been  replaced  by  hydroxyl  groups.* 

*  This  idea  originated  with  A.  v.  Baeyer.  It  has  the  advantage  that  it  facili- 
tates the  deduction  of  the  )X)ssible  hydroxyl  derivatives  of  higher  hydrocarbons,  and 
determines  the  degree  of  oxidation,  etc. 
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Thus,  in  compounds  contatniog^  more  than  one  hydroxy]  attadied  to  the  same 
carbon  atom,  nombers  are  employed  to  express  the  formulas  of  ortho-derivatives, 
usually  only  stable  in  the  form  of  ethers.  When  a  carbon  atom,  of  a  hydrocarbon,  is 
joined  to  hydrogen,  and  no  hydrogen  atoms  are  replaced  by  hydroxyl,  this  is  ex- 
pressed by  A  zero : 


I 

I 

.OH 

^H 


Methane  =  CH^ :  o 
II 

2 

/OH 
^/OH 


\ 


H 


III 

3 
.OH 

C^OH 

^<OH 

^H 


IV 

4 
.OH 

X)H 


oo 


I 

ID 


CH,      CH,OH 
CH,      CH, 


Ethane  =  CH, .  CH, :  oo 

in 

30 
21 


n 
20 
II 

CH(OH),       C(OH), 

in,  CH, 

CHj.OH    CH(OH), 

CHj.OH    CHjOH 


IV 
22 

31 
CH(OH), 

<!:h(OH), 

C(OH), 

I:h,oh 


V 

32 

C(OH), 
CH(OH), 


VI 


C(0H), 
ilOH), 


000 


I 
100 

010 


n 

200 
020 
no 
101 


Propane  =  CH, .  CH, .  CH, :  000 

III             IV  V  VI 

300          310  320  303 

*2io          301  *302  321 

*20i           220  311  *3I2 

120     *202  *22I  *222 

III      211  *2I2 
121 


VII 
♦322 

313 


The  following  formulas  correspond  to  these  groups  of  numbers : 

000    CH, .  CH, .  CH, 
I:     100    CHjOH .  CH, .  CH, 
010    CH,.CHOH.CH, 


II:     200  CH(OH),.CH,.CH, 

020  CH,C(OH),CH, 

no  CH,(OH)CH .  OH .  CH, 

101  CHjOH .  CH, .  CHjOH 

III:     300  C(OH),.CH,.CH, 

♦210  CH(OH),.CH(OH)CH, 

♦201  CH(OH),CH, .  CHjOH 

120  CH,OH.C(OH),CH, 

1 1 1  CH,OH  .  CHOH .  CH,OH 

IV:     310  C(OH^,.CHOH.CH, 

301  C(OH),  .  CH, .  CHjOH 

220  CH(OH),.C(OH),.CH. 

*202  CH(OH), .  CH, .  CH(OH), 

211  CH(OH), .  CH ,  OH  .  CH, .  OH 

121  CH,OH .  C(OH), .  CH,OH 


VIII 
323 


Propane 

n- Propyl  Alcohol 

Isopropyl  Alcohol 

Propionic  Aldehyde 
Acetone 

Propylene  Glycol 
Trimethylene  Glycol 

Propionic  Acid 
Unknown 
Unknown 
Oxyacetone,  Ketol 
Glycerol 

Lactic  Acid 
Hydracrylic  Add 
Pyroracemic  Aldehyde 
Unknown 
Glycerose 
Dioxyacetone 


*  Unknown. 
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V:    320  C(OH), .  C(OH), .  CH, 

♦302  C(OH), .  CH, .  CH(OH), 

31 1  C(OH), .  CHOH  .  CHjOH 

•221  CH(OH),.C(OH^,.CH,.OIl 

«212  CH(OH), .  CH(OH) .  CH(OH), 

VI:     303  C(OH),.CH,  C(OH)j 

321  C(OH),.  C(OH), .  CH,OH 

•312  C(OH), .  CHOH  .  CH(OH), 

«222  CH(OH), .  C(OH), .  CH^OH), 

VII:    322    C(OH), .  C(OH), .  CH(OH), 
313    C(OH), .  CH(OH) .  C(OH), 

VIII:     323    C(OH),.  C(OH), .  C(OH), 

There  sre  29  imagiDable  hydroxyl  substitution  products  of  propane,  and  eleven 
of  these  should  be  regarded  as  oxidation  products  of  glycerol,  which  will  again  be 
arranged  together  nnder  their  usual  formulas — that  is,  their  ortho-  formulas  minus 
water: 


Pyroracemic  Add 
Unknown 
Glyceric  Acid 
Unknown 
Unknown 

Malonic  Acid 
Oxypyroracemic  Acid 
Unknown 
Unknown 

Unknown 
Tartronic  Acid 

Mesoxalic  Acid 


CHjOH 
CH .  OH 
CH.OH 

(HI) 

Glycerol 
CHO 


CHO 


HOH 


CO,H 
CHOH 


(3") 


Glyceric  Acid     Diozyacetone 


i 
i 


HOH 


HO 
Unknown 


CHjOH 

(an) 
Glycerose 

CO,H 
CHOH 

CHO 

(312) 
Unknown    Tartronic  Acid 


CH,OH 

io 


CHO 


i 


CO,H 


O 


CO 


CH,OH  CH, .  OH  CH, .  OH      C 


(121) 


(221) 
iki 


CO,H 

CHOH 

CO,H 


(313) 


CHO 

to 

CHO 

(232) 
Unknown 


Unknown 

CO»H 

CO 
I 

CHO 

(322) 

Unknown 


:H,  .  OH 

(321) 
Oxypyro- 
racemic Acid. 

CO,H 

(j(OH), 

CO,H 

Mesoxalic 
Acid. 


Glyceric  acid,  tartronic  acid,  and  mesoxalic  acid  are  the  only  accurately  known  rep- 
resentatives of  these  eleven  oxidation  products  of  glycerol.  The  glyceroses  and 
dioxyacetone  have  not  been  prepared  in  a  pure  state.  Crude  glycerose  is  a  mixture 
of  these  two  substances.     Oxypjrroracemic  acid  has  received  very  little  study. 

Three  hydrogen  atoms  in  glycerol  can  be  replaced  by  alcohol  or 
acid  radicals ;  the  products  are  ethers  and  esters : 


fOI^ 

CjHj  \  Ob 

(O. 


OH 
OH 
C,H,0 

Acetin 


row 

CaHJo. 

lo. 


OH 

C,H,0 
C,H,0 
Diacetin 


fO. 

qhJo. 
(o. 


O .  C,H,0 
C,H.O 
C,H.O 

Triacetin. 


The  haloid  esters  are  the  halohydrins : 


C,H5(OH),a 

Mouocblorhydrin 


c;h5(oh)C1, 

Dtchlorhydrin 


Trichloroycrrin. 

Formation, — The  trihydric  alcohols  are  obtained  (i)  by  heating  the 
bromides  of  the  unsaturated  alcohols  with  water ;  or — 

(2)  Upon  oxidizing  the  unsaturated  alcohols  with  potassium  per- 
manganate (B.  a8,  R.  927). 

Glycerol  [Propantriol],  CH, .  OH  .  CH .  OH .  CH,OH,  is  pro- 
duced in  small  quantities  in  the  alcoholic  fermentation  of  sugar;  hence 
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is  contained  in  wine.  It  is  prepared  exclusively  from  the  fats  and  oils, 
which  are  glycerol  esters  of  the  fatty  acids  (p.  122).  When  the  fats 
are  saponified  by  bases  or  sulphuric  acid,  they  decompose,  like  all 
esters,  into  fatty  acids  and  the  alcohol — glycerol. 

Glycerol  is  also  formed  from  synthetic  glycerol  trichloride  by  heat- 
ing it  with  water  to  170°,  and  from  allyl  alcohol  when  it  is  oxidized 
with  potassium  permanganate. 

ffisiorkai. — Scbeele  discoTered  glycerol  in  1779,  when  be  saponified  olive  oil  with 
lithaige,  in  making  lead  plaster.  Chevrenl,  who  recognised  ester-like  derivatives  of 
glycerol  in  the  fats  and  fatty  oils,  introdnced  the  name  glycerol,  and  in  1813  pointed 
to  similarities  between  it  and  alcohol.  The  composition  of  glycerol  was  established 
in  1836,  by  Pelouze.  Berthelot  and  I^cca  (1853),  and  later  Wdrtz  ( 1855),  explained 
its  constitution,  and  proved  that  it  was  the  simplest  trihydric  alcohol,  the  synthesis  of 
which  Friedel  and  Silva  (1872)  effected  from  acetic  acid : 

CIL  CWJCX  CH,OH 

(4)        I  (5)         I  (6)         I 

—>-  CHCl  — >  CUCl  —  ->  CHOH 


CH,a  CH,a  CH,OH 


(i)  Acetone  is  obtained  from  calcium  acetate.  (2)  Acetone  by  reduction  passes 
into  isopropyl  alcohol.  (3)  Propylene  results  when  anhydrous  zinc  chloride  with- 
draws water  from  isopropyl  alcohol.  (4)  Chlorine  and  propylene  yield  propylene 
chloride.  (5)  Propylene  chloride  and  iodine  chloride  unite  to  form  propenyl  trichlo- 
ride or  allyl  trichloride,  the  trichlorhydrin  of  glycerol.  (6)  Glycerol  is  produced 
when  trichlorhydrin  is  heated  with  much  water  to  x6o°  (B.  6,  969).  Metallic  iron 
and  bromine  convert  propylene  bromide  into  tribromhydrin,  which  silver  acetate 
changes  to  triacetin.     Bases  saponify  the  latter  and  glycerol  results  (B.  24,  4246). 

Preparation. — At  present  glycerol  is  produced  in  large  quantities  in  the  manufac- 
ture of  stearic  acid ;  the  fats  are  saponified  by  means  of  superheated  steam,  convert- 
ing them  directly  into  glycerol  and  fatty  adds.  In  order  to  obtain  a  pure  product 
the  glycerol  is  again  distilled  under  diminished  pressure. 

Properties. — Anhydrous  glycerol  is  a  thick,  colorless  s)rrup,  of  spe- 
cific gravity  1.265  at  15**.  Below  0°  it  solidifies  to  a  white,  crystal- 
line mass,  which  melts  at  •\-\'f>  Under  ordinary  atmospheric 
pressure  it  boils  at  290^  (cor.)  without  decomposition ;  under  12  mm. 
at  170^.  With  superheated  steam  it  distils  entirely  unaltered.  It  has 
a  pure,  sweet  taste,  hence  the  name  glycerol.  It  absorbs  water  very 
energetically  when  exposed  and  mixes  in  every  proportion  with  water 
and  alcohol,  but  is  insoluble  in  ether.  It  dissolves  the  alkalies,  alka- 
line earjths  and  many  metallic  oxides,  forming  with  them,  in  all  prob- 
ability, metallic  compounds  similar  to  the  alcoholates  (p.  124). 

Transformations, — (i)  When  glycerol  is  distilled  with  dehydrating 
substances,  like  sulphuric  acid  and  phosphorus  pentoxide,  it  decom- 
poses into  water  and  acrolein  (p.  208).  It  sustains  a  similar  and  par- 
tial decomposition  when  it  is  distilled  alone,  (2)  When  fused  with 
caustic  potash,  it  evolves  hydrogen,  and  yields  acetic  and  formic  acids. 
(3)  Platinum  black,  or  dilute  nitric  acid,  oxidizes  it  to  glyceric  and 
tartronic  acids,  >vhile  niter  and  bismuth  nitrate  change  it  to  mesoxalic 

'  (B.  27,  R.  666).  Under  energetic  oxidation  the  products  are 
^  acid,  glycollic  acid,  glyoxylic  and  other  acids.     (4)  Moderated 
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oxidation  (wiih  nitric  acid  or  bromine)  produces  gfycerose,  which  con- 
sists chiefly  of  glyceraldehyde  and  dioxyacetone,  CO(CH, .  OH),. 
This  unites  with  CNH  and  forms  trioxybutyric  acid  (B.  aa,  io6;  a3, 

387): 


CHO  CHjOH  CHjOH  CO,H  CO,H         CO,H 

CHOH         CO    -< CH.OH X:H.0H >-CH.OH    (!:(0H), 

CHj.OH     CHjOH  CHj.OH  CH,OH  CO,H         CO,H 

Glyceral-        Dioxy-  Glycerol  Glyceric  Tartronic     Mesozalic 

dehydeacctonc  Add  Acid  Acid. 

Glycerose 

(5)  Phosphorus  iodide  or  hydriodic  acid  converts  it  into  allyl  iodide, 
isopropyl  iodide,  and  propylene  (p.  113).  (6)  In  the  presence  of 
yeast  at  20-30^  it  ferments,  forming  propionic  acid.  By  schizomy^ 
cetes  fermentation,  induced  by  Butyl  bacillus  (B.  30,  451),  nomaal 
butyl  alcohol  (p.  125)  and  trimethylene  glycol  result  (p.  295). 

(7)  When  glycerol  is  distilled  with  ammoniam  chlcxide,  ammoaium  pho^hatei 
and  other  ammoDium  salts,  /3-picoline,  as  well  as  2. 5-dimethyl  pyrazine,  results.  Undel 
certain  conditions  it  is  only  the  latter  which  is  produced  (B.  a6,  R.  585  ;  34,  4105 ; 
ay,  R.  436,  812). 

Uses. — Glycerol  is  applied  as  such  in  medicine.  It  is  also  used  as  a 
lubricant  in  watches.  Duplicating  plates  and  hectographs  consist 
of  mixtures  of  gelatine  and  glycerol. 

The  bulk  of  glycerol  is  consumed  in  the  manufacture  of  "nitrogly- 
cerine" (p.  474). 

Glycerol  Homologues,'^\,2,y  Butyl  glycerol,  CH,.  CH(OH) .  CH(OH)  .  CH,OH, 
boiling  at  172-175°  (27  mm.),  is  prepared  from  crotonylalcobol  dibromide  (p.  13 1). 

\\.2.l'Pentantriol\,  C,H.  .  CH(OH)  .  CH(OH) .  CH,.  OH,  boils  at  1920  (63 
mm. ) ;  \z,i.^'Pentantriol\  CH, .  CH(OH) .  CH(OH) .  CH(OH) .  CH„  boils  at  1800 
(27mm.);  ^'Etkylglycerol CH,,CH,C(OH)(CH,OH),,boils at  186-189° (68mm.). 
These  and  other  glycerols  result  upon  oxidizing  unsaturated  alcohols  with  potassium 
permanganate  (B.  27,  R.  165;  28,  R.  927).  Pentaglycerol,  CHjC(CH, . OH)„ 
melts  at  199^.  It  is  obtained  by  the  action  of  lime  upon  propyl  aldehyde  and  form- 
aldehyde (A.  276,  76). 

\\A-l'HfxaniHol\,  CH,  .  CH(OH)  .  CH(OH)  .  CH,  .  CH,  .  CH,OH,  boiling 
at  181°  (10  mm.),  and  some  other  isomerides  and  higher  homologues  have  been  ob- 
tained mym  the  addition  products  of  bromine  and  hypochlorous  acid  with  the  corre- 
sponding unsaturated  alcohols. 

A.  OLYCBROL  ESTBRS  OP  INORGANIC  ACIDS. 

(a)  Glycerol  Haloid  Esters. — ^These  are  called  halohydrins  (p.  471).  There  ara 
two  possible  isomeric  mono-  and  di-halobydrins.  They  are  distinguished  as  a-halo< 
bydrins  and  /^-balobydrins : 

CH,.a  CH,.OH  CH,a  CH,OH 

CH.OH  cH.ci  in.  OH  ina 


CH, .  OH 


CH,OH  C^fX  ^H, .  CI 


a-Chlorhydrin  ^-Chlorhydrin  «-Dichlorbydrln       /B-Dichlorbydrio. 

40 
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The  monohalohydrins  may  also  be  regaided  as  halogen  sabstitution  products  of 
propylene  and  trimetbylene  glycol,  while  the  dihalohydrins  are  probably  the  dihalogen 
substitution  products  of  propyl  and  isopropyl  alcohol  (p.  125). 

a-ManokalohydriMs  are  formed  when  the  haloid  acids  act  upon  glycerol,  and  by 
the  interaction  of  water  and  epihalohydrins.  a-Chlorkydrin^  CH^OH  .  CH  .  OH .  - 
CH,C1,  boils  at  139°  (18  mm.).  a-Bromkydrin  boils  at  180^  (lo  mm.).  pCklor- 
hydfin,  CH,OH .  CHCl .  CH,6H,  boUs  at  1460  (18  mm.).  It  is  obtamed  from  allyl 
alcohol  and  ClOH. 

a-Dihalohydrins  are  produced  when  the  haloid  acids  (A.  ao8,  349)  act  upon 
glycerol,  and  upon  the  epihalohydrins  (p.  477)  (B.  10,  557).  Potassium  iodide 
changes  the  chlorine  derivative  into  the  iodine  compound  (pp.  124,  126). 

a-Dichlarhydrin^  CH,C1 .  CH .  OH  .  CH,C1,  is  a  liquid,  with  ethereal  odor,  of  sp. 
gr.  1.367  at  19°,  and  boils  at  174°.  It  is  not  very  soluble  in  water,  but  dissolves 
readily  in  alcohol  and  ether.  When  heated  with  hydriodic  add  it  becomes  isopropyl 
iodide;  sodium  amalgam  produces  isopropyl  alcohol.  When  sodium  acts  on  an 
ethereal  solution  of  a-dicblorhydrin,  we  do  not  get  trimetbylene  alcohol,  but  allyl 
alcohol  as  a  result  of  molecular  transposition  (B.  21,  1289).  Chromic  acid  oxidizes 
it  to  /3-dichloracetone  (p.  216)  and  chloracetic  acid.  Caustic  potash  converts  it  into 
epicblorhydrin  (p.  477 1. 

a-Dibromhydrin^  CH,Br .  CH(OH) .  CH,Br,  is  an  ethereal-smelling  liquid,  which 
boils  at  219^ ;  its  sp.  gr.  at  18°  is  2. XI. 

a-Di'iodhydrin  is  a  thick  oil  of  specific  gravity  2.4,  and  solidifies  at  — 15®. 

The  P-dihalohydrins  result  from  the  addition  of  halogens  to  allyl  alcohol. 

^-Dichlorhydrin  boils  at  1 82-183® ;  its  sp.  gr.  =  1. 379  at  o®.  Sodium  converts 
it  into  allyl  alcohol.  Hydriodic  acid  changes  it  to  isopropyl  iodide.  Fuming  nitric 
acid  oxidizes  it  to  a/3-dichlorpropionic  acid. 

Both  dichlorhydrins  are  changed  to  epicblorhydrin  by  the  alkalies. 

pDibromhydrin  boils  at  212-214**. 

Trikalohydrins  form  when  halogens  are  added  to  the  allyl  halides;  also  in 
the  action  of  phosphorus  haloids  upon  the  dihalohydrins,  and  when  iodine  chloride 
acts  upon  propylene  chloride,  and  bromine  and  iron  upon  propylene  bromide  and  tri- 
metbylene bromide  (B.  24,  4246). 

Trichlorhydrin,  Glyceryl  Chloride,  1.2.3-trichlorpropane,  CH,C1 .  CHCl .  CH,C1, 
boils  at  isS^*. 

Tribromhydrin  fuses  at  1 6®,  and  boils  at  220®.  Silver  acetate  converts  it  into 
glycerol  triacetyl  ester.     When  this  is  saponified  it  yields  gljrcerol  (p.  472). 

(J))  Glycerol   Esters  of  the    Mineral   Acids    Containing 

Oxygen. — The  neutral  nitric  acid  ester — nitroglycerine  (discovered 
by  Sobrero  in  1847)— is  ^^^  ^^^^^  important  member  of  this  class. 

Nitroglycerine,  glycerol  nitrate,  CH,(ONO,)  .  CH\ONO,) .  CH,(ONO,),  is  pro- 
duced  by  the  action  of  a  mixture  of  sulphuric  and  nitric  acids  upon  glycerol.  The 
latter  is  added,  drop  by  drop,  to  a  well -cooled  mixture  of  equal  volumes  of  concen- 
trated nitric  and  sulphuric  acids,  as  long  as  it  dissolves;  the  solution  is  then  poured 
into  water,  and  the  separated,  heavy  oil  (nitroglycerine)  is  washed  with  water  and 
dried  by  means  of  calcium  chloride. 

Nitroglycerine  is  a  colorless  oil,  of  sp.  gr.  1.6,  and  becomes  crystalline  at  — 20®. 
It  volatilizes  very  energetically  at  160°  (15  mm.  pressure)  (B.  29,  R.  41).  It  has  a 
sweet  taste,  and  is  poisonous  when  taken  inwaidly.  It  is  insoluble  in  water,  dis- 
solves with  difficulty  in  cold  alcohol,  but  is  easily  soluble  in  wood  spirit  and  ether. 
Heated  quickly,  or  upon  percussion,  it  explodes  very  violently  {NobePs  explosive  eil)  \ 
mixed  with  kieselguhr  it  forms  dynamite s  and  with  nitrocellulose,  smokeless  powder, 

\lkalies  convert  nitrogljrcerine  into  glycerol  and  nitric  acid ;  ammonium  sulphide 
egenerates  glycerol.  Both  reactions  prove  that  nitroglycerine  is  not  a  nitro- 
Dund,  but  a  nitric  acid  ester. 
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Glycerol- NUriU,  C,H((0 .  NO),«  is  fonned  by  the  actioo  of  N,0,  upon  glycerol. 
It  is  isomeric  with  Trmiiroprof^ne  (B.  z6,  1697). 

Glycerol' Sulphuric  Acid,  ^s^sSo  SO  H*  '^  ^nn^  by  mixing  I  part  gly- 
cerol with  I  part  of  sulpharic  acid. 

Glycerol- Phosphoric      Acid,      ^^^s^Cq    pn  H  *  ^'^^''''  combined  with  the  fatty 

adds  and  choline  as  lecithin  (see  this)  in  the  yolk  of  eggs,  in  the  brain,  in  the  bile, 
and  in  the  nervous  tissue.  It  is  prodnced  on  mixing  glycerol  with  metaphospboiic 
acid.  The  free  acid  is  a  stiff  syrup,  which  decomposes  into  glycerol  and  phosphoric 
acid  when  it  is  heated  with  water.  It  yields  easily  soluble  salts  wiih  two  equivalents 
of  metal.  The  calcium  salt  is  more  insoluble  in  hot  than  in  cold  water ;  on  boiling 
its  solution,  it  is  deposited  in  glistening  leaflets. 

Glycerol  nurcaptans  are  produced  when  chlorhydrins  are  heated  with  aloc^olic 
solutions  of  potassium  sulphydrate.  ^ 

B.  OLYCEROLr  PATTY  ACID  B8TER8,  OLYCERIDB8. 

(a)  Fonnic  Acid  Esters,  Monoformin,  (lHg(OH),OCHO,  b  volatile  under 
diminbhed  pressure.  It  is  supposed  that  it  is  formed  on  heating  oxalic  acid  and 
glycerol.  When  it  is  heated  alone  it  breaks  down  into  allyl  alcohol  (p.  130),  water,  and 
carbon  dioxide.  Diformin  b  most  certainly  produced  under  these  conditions.  Mono- 
formin also  results  from  the  action  of  a-monochlorhydrin  upon  sodium  fonnate. 
Diformin,  C,H,(OH) .  (O.  CHO)„  boib  at  i6j-i66<»  (20-30  mm  ). 

{jf\  Acetic  Esters,  or  Acetins,  result  when  glycerol  and  acetic  acid  are  heated 
together  :  Monacetin  at  loo^' ;  at  vxFi  Diacetin,  C|H.(0.  COCH,),(OH),  boil- 
ing at  259-26o<>  (B.  ^,  3466);  at  25</':  Triacetin,  C,Hg(0 .  COCH,),,  boiling  at 
258^,  occurs  in  small  quantities  in  the  seed  of  Evonyntus  europceus,  and  has  also 
been  obtained  from  tribromhydrin  (p.  476). 

(c)  Tribntyrin,  CJAJ^OCfi.^\,  occurs  in  cow's  butter  (p.  247). 

\d)  Qlycerides  of  Higher  Fatty  Acids  occur,  as  already  represented  (p.  249), 
in  the  vegetable  and  animal  fatty  oils,  fats,  and  tallows.  They  can  be  artificially  ob- 
tained by  heating  glycerol  with  the  acids.  They  dissolve  in  alcohol  with  difficulty, 
but  readily  in  ether.  The  fats  are  saponified  when  boiled  with  alkalies  or  lead  oxide. 
The  most  important  glycerides  are : 

Trimyristin,  or  Myristio,  C,lf^(0.  Cj^H^O),,  Glycerol  Myristic  Ester,  occurs  in 
spermaceti,  in  muscat  butter,  and  chiefly  in  oil  nuts  (from  Myristica  surinamemis), 
from  which  it  is  most  readily  obtained  (B.  z8,  201 1 ).  It  crystallizes  from  ether  in 
glistening  needles,  melting  at  55°.  It  yields  myristic  add  (p.  250)  when  saponi- 
fied. 

Tripalmitin,  CH^(0 .  C,, H„0)„  is  found  in  most  fats,  especially  in  palm  oil, 
from  which  it  can  be  obtained  by  strong  pressing. 

Tristearin,  C3H^(0 .  C,.H^O)„  occurs  mainly  in  solid  fats  (tallows).  It  can  be 
obtained  by  heating  glycerol  and  stearic  acid  to  280-300^.  It  crystallizes  from  ether 
in  shining  leaflets,  and  melts  at  71.5®.  Its  melting  point  is  also  lowered  by  repeated 
fusion. 

Triolein,  or  Oleln,  C,Hj(0 .  C,gHgO),,  is  found  in  oils,  like  olive  oil.  It  solid- 
ifies at  — 6^.  It  is  oxidized  on  exposure  to  the  air.  Nitrous  acid  converts  it  into 
the  isomeric  elaldin,  which  melts  at  36^  (p.  286^. 

Lecithins  are  widely  distributed  in  the  animal  organism  and  occur  especially  in  the 
brain,  in  the  nerves,  the  blood  corpuscles,  and  the  yellow  of  egg,  from  which  stearin- 
palmitic  lecithin  is  most  easily  prepared.  Lecithin  occurs  in  the  seeds  of  plants  (B. 
29,  2761).  It  is  a  wax-like  mass,  easily  soluble  in  alcohol  and  ether,  and  crystallizes 
in  fine  needles.  It  swells  up  in  water  and  forms  an  opalescent  solution,  from  which 
it  b  reprecipitated  by  various  salts.  It  unites  with  bases  and  acids  to  salts,  forming 
a  sparingly  soluble  double  salt,  (C^jHg^NPOg .  HCl), .  PtCl^,  with  platinic  chloride. 
Lecithin  decomposes  into  choline,  glycerol-phosphoric  acid  (see  above),  stearic  acid,  and 
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results  from  the  action  of  sodium  acetate  upon  epichlorhydrin  in  absolute  alcohol, 
and  the  subsequent  saponification  of  diglycide  acetate  with  caustic  soda. 

CH   CH  CI 
Epichlorhydrin,  0<  i     '       '    ,  is  isomeric  with  monochloracetone,  and  con- 
stitutes the  staiting-out  material  for  the  preparation  of  the  glycide  compounds.    It  is 
obtained  from  both  dichlorhydrins  by  the  action  of  caustic  potash  or  soda  (analo- 
gous to  the  formation  of  ethylene  oxide  from  glycolchlorhydrin  (p.  298) : 

CH,a  CHjv  CHjOH 

tH.OH — ^=^ ^tn^  -< — =S£! — inci 

cHjCi  CH,a  CH,a 

•-Dichlorhydrin  Epichlorhydrin  0-Dichlorbydrin. 

It  is  a  Tery  mobile  liquid,  insoluble  in  water,  and  boils  at  117®.  Its  sp.  graTity  at 
0°  is  1. 203.  Its  odor  resembles  that  of  chloroform,  and  its  taste  is  sweetish  and  burn- 
ing. It  forms  a  dichlorhydrin  with  concentrated  hydrochloric  acid.  PQ5  converts  it 
into  trichlorhydrin.  Continued  heating  with  water  to  180^  changes  it  to  a-mono- 
chlorfaydrin.  Concentrated  nitric  acid  oxidizes  it  to  ^chlorlactic  acid.  Metallic 
sodium  converts  it  into  sodium  allylate,  CH,  ^  CH  .  CH,ONa. 

Like  ethylene  oxide,  epichlorhydrin  combines  with  CNH  to  the  oxycyanide, 

C|H5Cl<^j^. 

Epibrombydrin,  CjH^OBr,  from  the  dibromhydrins,  boils  at  150-140^. 

Epi-iodobydrin,  from  epichlorhydrin  and  potassium  iodide,  boils  at  160°. 

Epiethylin,  Ethyl  Glycide  Ether,  CsH^O  O.  C,Hj,  boiling  at  126-1 30<>,  and 
amyl  glycide  ether,  C^H^O .  O .  QH||,  boiling  at  x88°,  are  produced  on  distilling 
the  ethers  corresponding  to  epichlorhydrin  with  caustic  potash. 

Acetic  Glycide  Ester,  C^H^O .  O .  C^H^O,  is  produced  by  heating  epichlorhydrin 
with  anhydrous  potassium  acetate.     It  boils  at  168-169°. 

Nitrogen-containing  Derivatives  of  Glycerols:  Nitroisobutyl  Glycol, 
CH, .  CrNO,) .  (CH,OH)„  melting  at  140*^,  is  formed  from  nitroethane  and  formal- 
dehyde (B.  28,  R.  774). 

Triamino-propane,  CH,NH, .  CH .  NH, .  CH,NH,,  can  be  distilled  without 
decomposition  under  reduced  pressure.  It  is  formed  from  the  triazide  of  tricarballylic 
acid  (compare  p.  312).     It  is  a  syrupy  liquid. 


2.  DIOXYALDEHYDES. 

Glyceryl  Aldehyde,  [Propandiolal],  CH,OH .  CHOH .  CHO,  and  Glycerol 
Ketone,  [Propandiolon],  CH,OH  .  CO .  CH,OH,  are  not  known  in  a  pure  state.  A 
mixture  of  them,  called  ^^r-^ri^j/,  is  formed  when  glycerol  is  oxidized  with  dilute 
nitric  acid  or  bromine.  Caustic  soda  condenses  it  to  inactive  acrose,  a  compound 
related  to  grape  sugar. 

Nitromalonic  Aldehyde,  NO,CH(CHO),,  results  from  the  action  of  alkaline 
nitrites  upon  mucobromic  acid.  It  forms  salts  with  the  alkali  metals  and  condenses 
to  sym.  trinitrobenzene,  and  with  acetone  to  p-nitrophenol  (B.  28,  2597). 

Chloral-aldol,  CO, .  CH(OH) .  CH(CHO) .  CHOH .  CH,,  and  Butylchloral- 
aldol,  CH, .  CHCl .  CO, .  CHfOH) .  CH(CHO) .  CHOH  .  CH„  are  thick  oils.  They 
result  from  the  condensation  ot  chloral  or  butylchloral  with  pmldehyde  and  glaciw 
acetic  acid  (B.  25,  798). 
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3.  DIOXYKBTONBS  (OXBTONES). 

DioxjaceUme  is  the  simplest  possible  diozyketone.  It  is  doC  known  in  a  pore  state. 
Its  derivatives  are :  (i)  Sym.  Dietbozyacetone,  CsHftO .  CH, .  CO .  CH. .  OCsH^, 
boiling  at  195^,  which  is  obtained  from  ox-diethoxj-acetoacetic  ester  as  well  as  by  the 
distillation  of  oJdnm  ethyl  glycoUate  (B.  oB,  R.  295).  It  reduces  Fehling's  sola- 
tion.  (2)  Diamido-acetone,  NH,CH,.CO.  CH,NH,— the  reduction  pimlact  of 
di-isonitroso-acetone  (B.  a8,  15 19). 

Fittig  discoveied  the  oxetones.  They  can  be  viewed  as  anhydrides  of  x-dioxy< 
ketones.  Their  constitution  follows  from  the  formation  of  dimethyl-oxetooe  in  the 
treatment  of  the  dibrom-  addition  product  of  diallyl  acetone  (p.  221)  with  a  potash 
solution  (Volhard,  A.  267,  90)  : 

CH, .  CH, .  CH :  CH,  CH, .  CH, .  CHBiCH,  CH, .  CH,CHCH, 

CO  -i»?L^co  yi:         ^ 

CH, .  CH, .  CH  :CH,  CH, .  CH, .  CHBr .  CH,  CH, .  CH,CHCH, 

The  oxetones  are  obtained  from  the  condensation  products  of  the  /-lactones  with 
sodium  ethylate  in  consequence  of  the  elimination  of  carbon  dioxide  (see  p.  345)- 

Ozetone,  C,Hi,0,,  boils  at  159.4^.  Dimethyl  Ozetone,  C,H„0„  boils  at  169. 5<* ; 
sp.  gr.  0.978  (o^).  Diethyl  Ozetone,  C^H^Oj,  boils  at  209^.  These  oxetones  are 
mobile  liquids,  and  possess  an  agreeable  odor.  They  are  not  very  soluble  in  water, 
reduce  an  ammoniacal  silver  solution,  and  combine  with  2HBr  to  /-dibrom-ketones. 

y-Pyrone,  CO<ru  ~  CH^^»  ™*^  ^  considered  the  anhydride  of  an  unsatu- 
rated dioxyketone. 


4.  OXYALDEHYDB  KETONES. 

Ozypyroracemic  Aldehyde,  CHO .  CO .  CH,OH,  is  the  simplest  oxyaldehyde 
ketone.  It  is  only  known  in  the  form  of  its  osazone,  melting  at  134^,  and  is  pro- 
duced by  the  interaction  of  phenylhydrazine  and  dioxyacetone  (B.  a8, 1522). 


5.  OXYDIKBTONBS. 

a-Dibrometbyl  Ketole,  CH, .  CBr,COCH,OH,  melting  at  85^  and  formed  from 
brom-tetrinic  acid  and  bromine,  is  a  denvative  of  the  simplest  oxydiketooe,  CH, .  CO  .• 
CO.CHjOH. 

Ozymethylene-Acetyl  Acetone,  (CH,CO),C  =r  CHOH,  melting  at  47®  and 
boiling  at  loo^  (20  mm.),  199°  (ord.  pressure),  is  a  strong  acid,  stronger  than  acetic 
acid.  It  is  soluble  in  aqueous  alkaline  acetates.  It  absoriis  oxygen  rapidly  from  the 
air,  and  when  gently  heated  with  water  and  mercuric  oxide  it  decomposes  into  car- 
bonic acid  and  acetyl  acetone. 

Its  copper  salt  melts  at  214^. 

Btozymethylene- Acetyl  Acetone,  (CH, .  CO),C  =  CHOC,H,  0>qnid>  boiling 
at  141®  under  16  mm.),  results  from  the  condensation  of  acetyl  acetone  with  ortho- 
formic  ether.  Water  decomposes  it  into  alcohol  and  the  preceding  body.  Ammonia 
wverte  it  into  amido-methylene  acetyl  acetone^  (CH,.  CO),C  =  CH .  NH,,  melting 

I44*».     With  acetyl  acetone  it  forms  mfthenylbisacetyl  acetmu^  (CH, .  CO),C  = 

1— CH  (CO.  CH,),,  melting  at  1 18®.     Ammonia  changes  it  to  diacetyl-lutidine. 

'  the  withdrawal  of  water  it  becomes  diacetyl  metacresol. 
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Oxjmethylene-acetyl  acetone,  as  well  as  the  corresponding  derivatives  of  aceto- 
acetic  ester  and  malonic  ester,  can  be  considered  as  formic  acid  in  which  the  intra- 
radical  oxygen  has  been  replaced  by  a  carbon  atom  carrying  two  negative  groups  (X) : 

0  =  CH.OH  ^>C  =  CH.OH 

Pormic  Acid  Ozymethylene  Compoands. 

As  these  bodies  are  strong  monobasic  acids,  the  gronp  X,C  =  would  seem  to  exert 
an  influence  upon  the  carbon  atom  combined  with  it,  or  upon  the  hydroxyl  in  union 
with  the  carbon  atom,  just  as  is  done  by  oxygen  that  is  joined  with  two  bonds.  It 
is  true  that  the  influence  may  not  be  so  great  as  in  the  latter  case.  The  compounds 
just  described  are  the  first  of  the  complex  substances,  containing  only  C,  H,  and  O, 
which,  without  carboxyl,  still  approach  the  monocarboxylic  acids  (formic  excepted) 
ID  acidity.  Indeed,  in  some  instances  they  surpass  them  in  this  respect  (B.  26,  2731 ; 
privately  communicated  by  L.  Claisen). 


6.  ALDEHYDE  DIKETONES. 

The  following  are  derivatives  of  the  dialdehydes  corresponding  to  mesoxalic  acid 
(see  this) : 

(1)  Diisonitrosoacetone,  CH(N .  OH) .  CO .  CH(N .  OH),  melts  at  I44<'  with 
decomposition.     It  results  when  nitrous  acid  acts  upon  acetone  dicarlwxylic  acid. 

(2)  Trioximidopropanc,  CH(N.  OH)C(N.  OH).  CH(N  .  OH),  meliing  at 
171^,  u  the  result  of  the  action  of  hjrdroxylamine  upon  diisonitrosoacetone  (B.  21, 
2989). 

(3)  Propanon  diphenyl  hydrazone,  CgH^NHN :  CH  .  CO .  CH  :  N  .  NHCgH,. 
melting  at  I75^»  with  decomposition,  is  formed  from  acetone  dicarboxylic  acid  and 
diazobenzene. 

(4)  Propanon  triphenylbydrazone,  melts  at  166^.  It  consists  of  yellow  leaf- 
lets.    It  results  when  the  preceding  body  is  treated  at  120^  with  phenylhydrazine  (B. 

M.  3259 ;  «7,  2»9). 


7.  TRIKETONES. 

Pentantrion,  CH, .  CO .  CO .  CO .  CH„  is  the  simplest  triketone.  It  is  only  known 
in  the  form  of  a  phenylhydrazine  derivative  of  benzene  azoacetyl  acetone,  CLH^NH  .  • 
N :  C(COCH|)„  which  is  produced  when  diazobenzene  salts  act  upon  sodium  acetyl 
acetone  (B.  25,  746),  and  in  that  of  an  oxime,  isonitrosoacetyl  acetone ^  HO  .  N  :  - 
C(COCH,),  (B.  27,  R.  585). 

Diacetyi  Acetone,  [2.4.6-/r/;^a»/riVfi],  2.4.4- 7H<^x<?ii^/aif,  CO(CH,COCH,),, 
melting    at    49^,    results     when     baryta    water   acts    upon     2.6-dimetoylpyTone, 

CO  <rH  ^  Cr CH*^-^^'    ^y^^'^^^^'"^  <^<^icl  separates  it  from  the  barium  salt.     It 

decomposes  spontaneously  into  water  and  dimethylpyrone  (A.  257,  276).  Ferric 
chloride  imparts  a  deep,  dark  red  color  to  it  Its  dioxime  melts  at  68^,  and  readily 
passes  into  an  anhydride  (B.  28,  181 7),  melting  with  decomposition  at  242°. 


8.  DIOXYMONOCARBOXYLIC  ACIDS. 

The  acids  of  this  series  bear  the  same  relation  to  the  glycerols  that 
the  lactic  acids  sustain  to  the  glycols.  They  can  also  be  called  dioxy- 
derivatives  of  the  fatty  acids  (p.  329).    They  may  be  artificially  pre- 
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pared  by  means  of  the  general  methods  used  in  the  production  of 
oxyacidsy  and  also  by  the  oxidation  of  unsaturated  acids  with  potas- 
sium permanganate  (p.  330)  (B.  21,  R.  660;  A   283,  109). 

Glyceric  Acid,  CtH^Ot  (dioxypropionicacid),  [Propandiol  Acid], 
is  formed:  (i)  By  the  careful  oxidation  of  glycerol  with  nitric  acid 
(method  of  preparation,  B.  9,  1902;  lo,  267;  14,  2071),  or  by 
oxidizing  glycerol  with  mercuric  oxide  and  baryta  water  (B.  18, 3357), 
or  with  silver  chloride  and  sodium  hydroxide  (B.  29,  R.  545)*  The 
calcium  salt  is  decomposed  with  oxalic  acid  (B.  24,  R.  653) : 

CH,(OH) .  CH(OH) .  CH,(OH)  +  O,  ==  CH,(OH) .  CH(OH) .  CO .  OH  +  H,0, 

(2)  By  the  action  of  silver  oxide  upon  /9  chlorlactic  acid,  CHjCl.  - 
CH(OH) .  CO,H,  and  a-chlorhydracrylic  acid,  CH,(OH) .  CHCl .  - 
CO,H  (p.  341).    (3)  By  heating  glycidic  acid  with  water  (p.  481). 

Glyceric  acid  forms  a  syrup  which  cannot  be  crystallized.  It  is 
easily  soluble  in  water,  alcohol,  and  acetone.  It  is  optically  inactive, 
but  as  it  contains  an  asymmetric  carbon  atom  (p.  45),  it  may  be 
changed  to  active  laevo-rotatory  glyceric  acid  by  the  fermentation 
of  its  ammonium  salt,  through  the  agency  of  Penicillium  glaucum. 
Bacillus  ethaceticuSy  on  the  other  hand,  decomposes  inactive  glyceric 
acid  so  that  the  laevo-rotatory  glyceric  acid  is  destroyed  and  the 
dextro-rotatory  acid  remains  (B.  24,  R.  635,  673). 

Transformations, — When  the  acid  is  heated  above  140**  it  decomposes 
into  water,  pyroracemic  and  pyrotartaric  acids.  When  fused  with 
potash  it  forms  acetic  and  formic  acids,  and  when  boiled  with  it,  yields 
oxalic  and  lactic  acids.  Phosphorus  iodide  converts  it  into  /9-iodpro- 
pionic  acid.  Heated  with  hydrochloric  acid,  it  yields  a-chlorhydra- 
crylic acid  and  a/9-dichlorpropionic  acid. 

When  glyceric  acid  is  preserved  a  while,  it  probably  forms  a  lactide  or  anhydride. 
This  is  sparingly  soluble,  and  crystallizes  in  fine  needles. 

Its  calcium  salt,  (C^fi^^Ct^  -j-  2H,0,  dissolves  readily  in  water.  The  lead  salt ^ 
(C,H504),Pb,  is  not  very  soluble  in  water.  The  ethyl  ester  is  formed  on  heating 
glyceric  acid  with  absolute  alcohol.  The  rotatory  power  of  the  optically  active 
glyceric  esters  increases  with  the  molecular  weight  (B.  26,  R.  540),  and  attains  its 
maximum  with  the  butyl  ester  (B.  27,  R.  137, 138). 

The  homologues  of  glyceric  acid  have  been  obtained  (l)  from  the  corresponding 
dibromfatty  acids ;  (2)  from  the  corresponding  glycidic  acids  on  heating  them  with 
water  (A.  234,  197) ;  and  (3)  by  oxidizing  the  corresponding  unsaturated  carboxylic 
acids  (p.  281)  with  potassium  permanganate  (A.  268,  8;  B.  22,  R.  743). 

There  are  three  dioxybutyric  acids : 

(1)  a/?.  Dioxybutyric  Acid,  CH, .  CH(OH) .  CH(OH) .  CO,H,  jSMethyl^ly- 
eerie  Acid.    It  melts  at  74-75°. 

(2)  ^y-Dioxybutyric  Acid,  CH,(OH) .  CH.  OH)  .  CH, .  CO,H,  is  a  thick  oil. 

(3)  Dioxyisobutyric  Acid,  ^"«(^^^>C(OH) .  CO,H,  a-methyl  glyceric  acid, 

melts  at  loo^. 

•  Diozyvaleric  Acid,  CH,(OH) .  CH(OH)CH, .  CH, .  CO,H,  rapidly  decom. 
to  water  and  an  oxylactone.     Tigliglyceric  Acid  melts  at  88°,  and  Aogli- 
^  Acid  melts  at  111°  (A.  283,  109). 
ioxyiaoctylic    Acid,    (CH,),CH  .  CH, .  CH,  .  CH(OH)CH(OH)CO,H, 
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melts  at  106^  (A.  aSs,  291).  a-IsopropyU/S-isobutyl  Glyceric  Acid  melts  at  154^ 
(B.  29,  R.  508). 

Dioxyundecylic  Acid,  CiiH^(OH),0,,  from  undecylenic  acid,  melts  at  84-^6*^. 

Diozystearic  Acid,  CgH,4(C)H),0L,  from  oleic  acid,  melts  at  136^. 

Dioxybehenic  Acid,  ^sH4,(0H),0„  from  erucic  acid,  melts  at  136®. 

Glycidic  Acids  are  obtained  from  the  addition  products  of  hypocblorous  acid  and 
unsaturated  dicarboxylic  acids,  through  the  agency  of  alcoholic  potash  (A.  266,  204). 
Like  ethylene  oxide,  they  take  up  the  haloid  acids,  water,  and  ammonia,  the  products 
being  chlorozyfatty  acids  or  dioxyfatty  acids,  and  amido-oxyfatty  acids. 

CH    CO  H 

Glycidic  Acid,  Epikydrinic  Acidy  0<  JL„  *       *    1  **  isomeric  with  pyroracemic 

acid.     It  is  produced,  like  epichlorhydrin  (p.  477),  from  a-chlorhydracrylic  acid  and 

)9-chlorlactic  acid  by  means  of  alcoholic  potash.     Glycidic  acid,  separated  from  its 

salts  by  means  of  sulphuric  acid,  is  a  mobile  liquid  miscible  with  water,  alcohol,  and 

ether.     It  is  very  volatile  and  has  a  piercing  odor.     The  free  acid  and  its  salts  are  not 

colored  red  by  iron  sulphate  solutions  (distinction  from  isomeric  pyroracemic  acid). 

It  combines  with  the  haloid  acids  to  /3-halogen  lactic  acids,  and  with  water,  either  on 

boiling  or  on  standing,  it  yields  glyceric  acid.  Its  ethyl  ester^  obtained  from  the  silver 

salt  with  ethyl  iodide,  melts  at  162^. 

It  resembles  malonic  ester  in  its  odor  (B.  2Z,  2053). 

CH .  CO.H 
p'Methyl  Glycidic  Acid^  0<^  1,  ,  is  known  in  two  modifications.      The 

Cn .  Crl| 

one  melting  at  84^  unites  to  o)3-dioxybutyric  add  with  water.     The  other  modifica- 

CH  .  CH, .  CO.H 
tion  is  a  liquid.     Epihydrin-carboxylic  Acid,  0<  1  ,  melting  at  225®, 

is  obtained  firom  its  nitrile,  which  results  from  the  action  of  KCN  upon  epichlorhy- 

C(CH,) .  CO.H 
drin  (p.  477).     a- Methyl  Glycidic  Add,  0<^\  ,  consists  of  shining  leaf- 

lets.    The  ethyl  ester  boils  at  i62-i64<^  (B.  2Z,  2054).     a/?-Dimethyl  Glycidic 

C(CH,)CO,H 
Acid,  0<  1^    '       *    ,  melts  at  62«  (A.  257,  128).     /?/J.Dimcthyl  Glycidic 
CHCHf 

Acid.    See  A.  292,  282. 

Oxylactones  are  obtained  from  some  of  the  dioxyacids,  which  contain  an  hydroxyl 
group  in  the  y-position  with  reference  to  the  carboxyl  group : 

.     .  HO.CH,.CH  O  ^         ,    ,        , 

Oxyvalerolactone,  /-        n         J^   ,  boiling  at  300-301®,  results  from  the 

action  of  potassium  permanganate  (A.  268, 61)  upon  allyl  acetic  acid.  Oxycaprolcutone 
and  OxyisocaprolactofUy  C^HjoOi,  are  colorless  liquids,  into  which  the  oxidation  pro- 
ducts of  bydrosorbic  acid,  by  means  of  KMnO^,  rapidly  pass  on  liberation  from  their 

barium  salts  (A.  268, 34).    Oxyisoheptolactone,  (CHa),CII .  CH .  CH(OH) .  CH^.  COO, 

melts  at  112®.  Oxyisoctolactone,  (CH,^,CH  .  CH, .  CN  .  CH{OH)CH, .  CO .  O, 
melts  at  33®  (A.  283,  278,  291). 

Monamido-oxyacids :  Serin,  CH,(OH) .  CH(NH.) .  CO,H,  aamidohydra- 
crylic  acid,  is  obtained  by  boiling  serecin  with  dilute  sulphuric  acid.  It  forms  hard 
crystals,  soluble  in  24  parts  of  water  at  20®,  but  insoluble  in  alcohol  and  ether. 
Being  an  amido-acid  it  has  a  neutral  reaction,  but  combines  with  both  acids  and 
bases.     Nitrous  add  converts  it  into  glyceric  acid. 

Isomeric  p-amido-lactU  acid,  CH,(NH,)  .  CH(OH)  .  CO,H,  is  obtained  from 
/9-chlorlactic  acid  and  glycidic  acid  by  the  action  of  ammonia  (B.  13,  1077).  It 
dissolves  with  more  difficulty  in  water  than  serin. 

Homologues  of  the  monoamido-oxyacids  have  been  prepared  by  the  union  of 
homologous  glycidic  acids  with  ammonia. 

Diamido-carboxylic  Acids. — Diamidopropionic  Acid^  CH^H,CHNH,CO|Hy 
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has  been  obtained  by  the  action  of  ammonia  upon  a/3-dibrompropioiiic  acid.  Other 
similar  acids  have  been  found  in  the  decomposition  products  of  the  albuminoid 
bodies. 


9.  OXYKBTONB  CARBOXYLIC  ACIDS. 

Oxypyroracemic  Acid^  [Propanolon  Acid],  CH,OH .  CX) .  CO,H,  is  formed  when 
caustic  soda  acts  upon  collodion  wool  (B.  24,  401).  Tribromnuthylketol^  CH^OH .  - 
CO .  CBr,.     See  tetronic  acid. 

Ethoxyl-acetoacetic  Ester ^  CH,  .  O .  C-H^ .  CO .  CH, .  COOC-H^  or  CH,CO .  CH- 
(OC,H^)CO,C,Hj,  boils  at  105^  (14  mm.).  It  is  obtained  by  reducing  ethoxyl  cblor- 
acetoacetic  ester,   the  condensation  product  from    chloracetic  ester  and  sodium. 

DeroarQay  acted  with  alcoholic  caustic  potash  upon  the  /-mono-brom-mono-alkylic 
acetoacetic  esters  and  obtained  Utrinic  acid  and  its  homologues,  which  may  be  re- 
garded as  7-Iactones  of  the  oxyketone  carboxylic  adds : 


COCHjBr  COCH,  v  C(OH)  CH,v 

I  >-        I         X)    or  I  ;o. 

r,CH .  COOCjHj  CH, .  CH  .  CO^  CH, .  C CO-^ 


Tetrinic  Acid. 

Michael  was  the  first  to  declare  that  tetrinic  acid  was  a  lactone  with  the  preceding 

formula.     L.  Wolff  discovered  the  parent  substance  of  tetrinic  acid,  and  named  it 

Utronic  acidy  after  which  tetrinic  acid  received  the  name  a-methyl  tetronic  acid  (A. 

agx,  226).     The  salts  of  tetronic  acid  and  the  a-alkylic  tetronic  acids  are  derived 

from  the  hydroxyl  formula  isomeric  with  the  ketone  formula.     The  latter  b  preferred 

for  the  free  acids. 

CO.CH, 
Tetronic  Acid,   1  ]>0,  melting  at  141^,  is  produced  when  sodium  amalgam 

CHjCO 

CO  —  CH, 
acts  upon  bronUetronic  acid,    1  >>0,  melting  at  183^.     This  results  when 

CO.CH,    ^    .      ^ 
dibromacetoacetic  ester  is  heated.     Dtbromtetnmic  Acid,    1  >0,   is    formed 

when  bromine  acts  upon  bromtetronic  acid.     It  consists  of  white,  readily  soluble 

plates.     It  slowly  decomposes  at  174®  with  CO,-evolution  into  tribrommetkylketol, 

CBr, .  CO .  CH, .  OH,  and  bromtetronic  acid. 

CO .  CH, 
Tetrinic  Acid,  a-Methyl  Tetronic  Acid,  1  >0,  melting  at   189", 

CHjCH .  CO 

boils  with  partial  decomposition  at  292°.     It  results  on  heating  /-brom-methylaceto- 

acetic  ester  or  by  treating  it  with  alcoholic  potash.     Heated  with  water  to  200^,  it 

breaks  down  into  ethyl  ketol  (p.  317)  and  CO,,  and  when  it  is  boiled  with  barium 

hydrate  it  yields  glycollic  acid   and  propionic  acid.     Chromic  add  oxidizes  it  to 

diacetyl  and  CO,  (A.  aSS,  i). 

Pentinic  Acid,  a-Ethyltetronic  Acid,  melts  at  128^. 
Hexinic  Acid,  a-Propyltetronic  Acid,  melts  at  126°. 
Heptinic  Acid,  a-IsobtUyltetronic  Acid,  melts  at  150^. 

y.Methoxyldimethylacetoacetic  Ester,  CH,0 .  CH, .  CO .  C(CH,),CO,C,H.,  melts 
at  70°  and  boils  at  241°.  It  is  formed  when  methyl  alcoholic  sodium  methylate  acts 
upon  y-brom-dimethylacetoacetic  ester  (B.  30,  856). 

The  following  are  derivatives  of  a-oxy-/?-oxobutyric  acid  :  Niiromethylisoxaadion, 

N — O 

II  I    >  decomposing  at  123°,  results  when  oximidomethylisoxaxolon 

CH,.  C.CH(NO,)CO 
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IB  oxidized  with  nitric  acid  (6.  a8,  2093).  a-Amidoacetoacetic  Ester ^  CH, .  CO .  • 
CH .  NH, .  CO, .  C^H^,  is  produced  in  the  reduction  of  isonitrosoacetoacetic  ester 
with  stannous  chloride  (B.  27,  1 142).  a-Isonitramineacetoacetic  Ester^  CH, .  CO.  - 
CNa.  (N,O.Na)CO,  .  C,Hj,  is  only  known  in  the  form  of  its  sodium  salt.  This  is 
produced  when  NO  acts  upon  acetoacetic  ester  dissolved  in  alcohol  in  the  presence 
of  sodium  ethylate  (B.  28, 1785) ;  compare  also  isonitramine  acetic  acid,  p.  361. 

a- Hydroxy lavulinU  Acid,  CH,.  CO.  CH,CH(OH)CO,H,  melts  at  103-104^ 
and  ^' Hydroxy laimiinic  Acid,  CH,  .  CO .  CH(OH) .  CH, .  COjH,  is  an  oil.  They 
are  obtained  from  the  corresponding  bromlsevulinic  acids  (A.  264,  259). 

OxymethyUne-acetoacetu  ester,  HO .  CH  =  C<^qJ?^^*,  boiling  at  95^  (21  mm.), 
results,  by  the  action  of  water,  from  Ethoxymethylene  Acetoacetic  Ester,  C,HjO  .- 
CH  =  C<^Q«  c3^*'  boiling  at  i49-iSo<»  (15  mm.).  This  is  produced  on  heat- 
ing the  reaction  product  of  orthoformic  ester  and  acetoacetic  ester  with  acetic 
anhydride  (B.  26,  2730).  Oxymethylene  acetoacetic  ester  is  a  strong  acid  (see 
oxymethylene  acetylacetone,  p.  478).  It  is  readily  soluble  in  alkaline  acetates  and 
insoluble  in  water.  The  copper  salt  melts  at  156^.  Ethoxymethylene  acetoacetic 
ester  and  ammonia  yield  amidomethylene  acetoacetic  ester,  (C^HgO.)  =  CH  .  NH,, 
melting  at  55^,  and  it  combines  with  acetoacetic  ester  to  methenylinsacetoacetic  ester, 
(CgHgO,)  :  CH .  (CgHgO,),  melting  at  96°.  Ammonia  changes  the  latter  to  lutidine 
dicarboxylic  ester,  while  sodium  methylate  converts  it  into  metaoxyuvitic  acid 
(private  communication  from  L.  Claisen). 

Ketoxystearic  Acid,  CH5[CH,]5CH[OH]CH,  .  CH, .  CO[CH,],CO,H.  See  ricin- 
oleic  acid,  p.  286. 

a-Mesiiyloxide  Oxalic  Acid  (see  olefine  diketone  carboxylic  acids,  p.  485). 
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Glyozyl  Carboxylic  Acid,  CHO .  CO  .  CO,H,  is  not  known.  Uric  Acid  may  be 
looked  upon  as  the  diurelde  of  this  half-aldehyde  of  mesoxalic  acid.  Di-isonitroso- 
propumic  Acid^  HO  .  N  :  CH .  C  :  N(OH) .  CO,H,  is  the  dioxime  of  glyoxyl  car- 
boxylic acid.  It  is  obtained  from  dibrompyroracemic  acid.  It  is  known  in  two  modi- 
fications, the  one  melting  at  143^,  the  other  at  172°  (B.  25,  909).     Furazancar- 

boxylic  Acid,  0<^«^  ]  ^-.u      '    1  melting  at  107^,  is  the  anhydride  of  this  dioxime. 

It  results  from  the  oxidation  of  furazan-propionic  acid  with  KMnOi.  Sodium  hydrox- 
ide causes  it  to  rearrange  itself  into  cyanoximido-acetic  acid  (A.  260,  79  ;  B.  24,  1 167). 

Muco-oxychloric  acid  and  muco-oxybromic  acid  (A.  g,  148,  160)  are  probably  de- 
rivatives  of  an  aldehydo-ketonic  acid,  CHO  .  CH,  .  CO .  CO,H,  or  of  an  unsatu- 
rated oxyaldehydic  add,  CHO  .  CH  =  C(OH)CO,H. 

Glyozylpropionic  Acid,  HCO .  CO .  CH, .  CH, .  CO,H,  is  formed,  along  with 
diacetyl,  when  /9<f-dibroml8evulinic  acid  is  boiled  with  water.  It  is  a  yellow  crust. 
It  passes  into  succinic  acid  upon  oxidation.  Its  oxime  is  yd-dioximido-valeric  acidy 
HC:  N(OH) .  C  slN(OH) .  CH, .  CH, .  CO,H,  meltingat  136®.  Concentrated  sulphuric 

add  changes  it  into  the  anhydride,  FuratanpropionicAcid,  0<^  *.  ^^  ^'  ^^*  .CO,H^ 

melting  at  86^.  Sodium  hydroxide  converts  this  acid  into  cyanoximidobutyric  acid 
(see  tlus),  while  with  potassium  permanganate  it  yields  furazancarboxylic  acid. 

CO  H 
Qlyozylisobatyric  Acid,  e^r\   A  I*        ,  melting  at  138**,  is  obtained  from 

CHO .  CO .  Cf CH,)« 

^  OH  O CO 

the  isomeric  dioxyacetyldimethyl  acetic  acid  lactone,  \/  \  ,  melting  at 

CH  .  CO .  C(CH,), 
168°,  by  repeated  precipitation  of  its  boiling  alcoholic  solution  with  water,  or  by  its 
solution  in  soda  and  its  immediate  subsequent  precipitation  by  hydrochloric  acid. 
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The  lactone  was  obtained  on  treating  v-methozydiniethyl  acetoacetic  ester  with 
bromine,  and  then  decomposing  the  mono-brom-substittttion  product  with  water  (B. 
30,  856), 


II.  DIKETONB  CARBOXYLIC  ACIDS. 

Paraffin  Diketone  Dicarbozylic  Acids,  o^-Diketo-  or  o^-Diozo-butyric 
Acid,  CHg .  CO .  CO .  CO.H.  This  acid  is  not  known  in  a  free  condition.  Two 
oximes  are  deriyed  from  it :  Isanitraso-acetoacetic  Ester^  CH, .  CO .  C :  N(OH)CO,- 
C,Hj,  melting  at  53^,  results  when  nitrous  acid  acts  upon  acetoacetic  ester  and  aceto- 
malonic  ester  (B.  ao,  1327).  For  an  isomeric  isonitroao-acetoacetic  ester,  see  B.  a8, 
2676 ;  ay,  R.  997.  a/3-Di-isonitro80-  or  Dk>ziiiiido-butyric  Eater,  CH, .  C :  N- 
(OH).C:N(OH)CO,C,H3,  decomposes  at  I52<*.  It  results  from  the  action  of 
NH,OH  upon  isonitroso-acetoacetic  ester  (B.  as,  2552).  The  free  acid,  known  in 
two  modifications,  forms,  with  hydrochloric  acid,  a  iactone-like  anhydride-— -Oximido- 

CH,.C.C:N(OH).CO 
metbyl-iaozaaolon,  B ____JL   » decomposing  at  13a®, 

N. O.O.N 

Peroxid-di-itonitro8obutyric  Acid,        U  li  ,  melting  at  93^,  b 

CHgC  — — —  C .  CO|ri 

produced  when  silver  di-isonitrosobutyrate  is  oxidized  with  nitric  add  (B.  a8, 2683). 

CeHj .  NH  .  N:C .COjCjHj 

Phenylhydraaone-acetyl-glyoxylic  Eater,  I  ,melt* 

CO .  Cx^ 

ing  at  154^,  is  produced  by  the  interaction  of  sodium  acetoacetic  ester  and  diazo- 

CjHj.NH.NiC.COjH 

benzene  salts.     Osazone-acetyl-glyoxylic  Acid,  I  ,  melt- 

vx«n.B  jn  ri  •  ^1  •  N« .  v^n* 

ing  at  209°,  is  obtained  from  phenylhydrazone-acetyl-glyozylic  acid  and  phenyl- 
hydrazine  in  alcoholic  solution  (A.  347,  205).  jOy-Diketo-  or  /3/-Dioxy-valeric 
Acid,  CH, .  CO  .  CO .  CH,  .  CO,H.  /3-Xsonitroso  tevulinic  Acid,  CH.CO  .  C  :  N- 
^OH) .  CH. .  CO,H,  may  be  referred  to  this  acid,  unknown  in  a  free  condition.  It 
is  obtained  from  acetosuccinic  ester.  It  melts  at  119°,  decomposing  into  CO,  and 
methyl -jd-oximldoethyl  ketone  (p.  326). 

Stearoxylic  Acid  and  Behenoxylic  Acid,  already  described  (p.  288),  are  o-diketone 
carboxylic  acids. 

Acetyl  Pyroracemic  Acid  Ester ^  Acetone  Oxalic  Ester,  ay'-diketo-  or  oy-dioxoYmleri- 
anic  ester,  CHg  .  CO  .  CH, .  CO  .  CO,C|H<,  results  from  the  action  of  sodium  ethylate 
upon  acetone  and  oxalic  ester.  Ferric  chloride  imparts  a  dark  red  color  to  it.  The 
free  acid  condenses  to  sym.  oxytoluic  acid,  CO,H  [i]  C^H.  [3.5](OH)CH,  (B.  aa, 
3271).  Acetone  oxalic  ester  and  phenylhydrazine  yield  a  phenylpyrazole  carboxylic 
ester,  melting  at  133°  (A.  278,  279). 

The  hydrogen  in  the  acetoacetic  esters  can  also  be  replaced  by  acid  radicals.  This 
is  accomplished  by  acting  upon  the  dry  sodium  compounds  (suspended  in  ether)  with 
acid  chlorides.  The  products  are  diketone-monocarboxyljc  esters.  Thus  acetyl 
chloride  (B.  zy,  R.  604)  produces: 

Acetyl  Acetoacetic  Eater,  C,H,0 .  CH(C,H,0) .  CO, .  CiH^,  or  Diaceto- 
acetic  Ester,  boiling  at  122-124^  (50  mm.).  Its  ester  is  produced  when  alcohol  acts 
upon  the  product  obtained  from  A1CI,  and  acetyl  chloride  (CH,CO),CH  .  CCl^OAI- 
Cl|  (p.  323)  (Gustavson,  B.  az,  R.  252).  It  is  broken  up  by  water,  even  at  ordinary 
temperatures,  into  acetic  acid  and  acetoacetic  ester.  Sodium  ethylate  displaces  an 
acetyl  group  in  it,  forming  acetoacetic  ester  and  sodium  acetoacetic  ester. 

Methyl  diacetoacetic  ester  and  ethyl  diacetoacetic  ester  are  only  volatile  without 
decomposition  under  diminished  pressure. 

Acetonyl  Acetoacetic  Ester ^  CH, .  CO .  CH, .  CH<^q«^^^»,  is  produced  by  the 

action  of  chloracetone,  CH, .  CO .  CH,Q,  upon  acetoacetic  oster.     It  forms  pyro- 
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tritaric  ester  (B.  17, 2759)  with  faming  hydrochloric  acid.  On  heating  the  ester  with 
water  to  160^  C,  acetonjl  acetone  resales  (p.  323). 

CH 
Unsaturated  Diketone  C^Ltboxylic  AcidSt  P-MesityloxidMa/ic  Add,  ^y^*^C  = 

CH.CO.CH,.CO.CO,H,  melts  with  decomposition  at  i66^  Caustic  potash 
liberates  it  from  either  its  ethyl  ether,  melting  at  59^  and  boiling  at  143^  (11  mm.), 
or  its  methyl  ether,  melting  at  67^.  On  allowing  sodium  in  ether  to  act  upon  molec- 
ular quantities  of  mesityl  oxide  and  oxalic  ester,  then  acidulating  with  dilute  sul- 
phuric acid  and  distilling,  a  mixture  of  a-  and  /S-mesityloxidoxalic  esters  results.  It 
can  be  separated  by  means  of  a  sodium  cartionate  solution,  in  which  the  a-ether 
alone  is  soluble.     Ferric  chloride  turns  this  a  blood  red. 

a-Mentyhxidaxalic  Acid,  ch*>^  =  CH .  CO .  CH  =  C(OH)CO,H,  melting  at 

92^,  is  obtained  by  the  action  of  aqueous  potash  on  its  ethyl  ether ^  melting  at  21^, 
or  its  methyl  ether ^  melting  at  83^  (A.  291,  ill,  137). 


12.  MONOXYDICARBOXYLIC  ACIDS. 
A.  MONOXYPARAPPIN  DICARBOXYLIC  ACIDS,  CnHsn--i(OH)(COtH)s. 

Numerous  saturated  monocarboxylic  acids  are  known :  thus,  the 
oxymalonic  acid  group  corresponds  to  the  malonic  acid  group,  oxy- 
succinic  acid  group  to  the  ethyl  succinic  acid  group,  oxyglutaric  acid 
group  to  the  glutaric  acid  group,  etc. 

It  may  be  mentioned  here  that  there  are  many  representatives  of 
these  acids  in  which  the  hydroxy!  group  occupies  the  ^-position  with 
reference  to  the  carboxyl  group,  and  these  acids,  when  separated  from 
their  salts,  readily  part  with  water  and  become  lactones.  In  general, 
the  alcoholic  hydroxyl  group  is  introduced  into  the  dibasic  acids,  just 
as  it  is  done  in  the  case  of  the  monobasic  acids.  The  reaction  leading 
to  the  alkylized  paraconic  acids  (p.  492)  is  worthy  of  mention.  It  is  a 
condensation  reaction  between  aldehydes  and  succinic  acid  or  mono- 
alkylic  succinic  acids  (p.  444). 


OXVIIALONIC  ACID  GROUP. 

Tartronic  Acid,   CH(0H)<^^«J][,  Oxymalonic  Acid  {Propanol- 

diacid\  is  produced :  (i)  From  glycerol  by  oxidation  with  potassium 
permanganate  ;  (2)  from  chlor-  and  brom-malonic  acid  by  the  action 
of  silver  oxide  or  by  saponifying  their  esters  with  alkalies ;  (3)  from 
trichlorlactic  acid  when  the  latter  is  digested  with  alkalies  (B.  18,  754, 
2852);  (4)  from  dibrompyroracemic  acid  when  digested  with  baryta 
water ;  (5)  from  mesoxalic  acid  by  the  action  of  sodium  amalgam. 
(6)  Nucleus  synthesis :  from  glyoxylic  acid  by  the  action  of  CNH  and 
hydrochloric  acid,  and  by  the  spontaneous  decomposition  of  nitro- 
tartaric  acid  and  dioxytartaric  acid. 

Its  formation  from  nitro-tartaric  acid,  described  in  1854  by  Des- 
saigneSi  has  given  it  the  name  tartronic  acid. 


AJSDg 


•r!F.   r  ^*  T-H,  •.  b^ils  at 


..  i-s  :r-^  .  -  _.:"=*^  r  ai  -p^--    ent  TT.t.trmir  egB-  ^  45t    ry  the  acDoo  of 
-  "  •_   —  ■    ^  ^' 


V'',«=.<^  noi^'C  zrzMZz^-r.    re  T-.uin:c-»;  »^.*-^  ^-=»^  ^— «-Tj««e-I 

CH, .  CH, .  C(CHjaVH        , .        ^ 

/i  Mfthjlhutyrola:t<mt-ii'Carb:xy:u   Acid,     \^  ^  ,  meltlllg  « 

/>,*    frt. ,:u  wb«i  brr^  ethyl    isosncdnk  ester,  tlie  rcMXioD  F«|odn^^  ^^?S 
U,^,/U  »r.4  fc^xlium  ijoMiccinic  ester,  is  treated  with  bwyta  water  and  tbca  fidiilatrrt 
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a-Carbavaleroltutone  CarbaxyHc  Acid,  v-MethylbatyrolactoDe-a-carboxylic  Acid» 
CH,.CH.CH,.CHCO,H 

L i  ,  results  when  allyl  malonic  acid  is  acted  upon  with  HBr 

It  breaks  down  at  200^  into  CO,  and  y-valerolactone  (p.  345). 
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Malic  Acid,  Oxyethylene  Succinic  AcidCAcidum  maUcuniSSButanol' 

HO.*CH.  CO,H      T^  ,.         -^         .  •  *  •  u 

diacia\f  L„   pr>  u*     Malic  acid  contains  an  asymmetric  carbon 

atom;  it  can  occur  in  three  modifications:  (i)  a  dextro-rotatory 
form,  (2)  a  laevo-rotatory  form,  and  (3)  an  inactive  [d  -|~  U  variety. 
This  is  a  compound  of  equal  molecules  of  the  dextro-  and  laevo-rotatory 
modifications. 

The  laevo-variety  occurs  free  or  in  the  form  of  salts  in  many  plant 
juices,  hence  it  is  frequently  spoken  of  as  ordinary  malic  acid.  It  is 
found  free  in  unripe  apples,  in  grapes,  and  in  gooseberries,  also  in 
mountain-ash  berries  (JSorbus  aucuparid)  and  in  Berberis  vulgaris. 
It  is  obtained  from  the  last  two  sources  by  means  of  the  calcium 
salts  (A.  38,  257;  B.  3,  966).  Acid  potassium  malate  is  contained 
in  the  leaves  and  stalks  of  rhubarb. 

Historical. — Ordinary  malic  acid  was  discovered  in  1785  by  Scheele  in  unripe 
gooseberries.  Liebig  ascertained  its  composition  in  1832.  Pasteur,  in  1852,  ob- 
tained  inactive  malic  acid  from  inactive  aspartic  acid,  and  Kekul6  (i86x)  made  it 
from  bromsuccinic  acid.  The  dextro-acid  was  first  obtained  by  Bremer  in  the  reduc- 
tion of  dextro-tartaric  acid. 

Formation  of  Optically  Inactive  or  [d  4- 1]  Malic  Acid,  melting  at  130®  (B.  39, 
1698): 

1.  From  the  mono-ammonium  salt  of  Isevo-,  and  dextromalic  acid. 

2.  By  heating  fiimaric  acid  to  150-200^  with  water. 

3.  When  fumaric  or  malelc  acid  is  heated  with  caustic  soda  to  100®  (B.  z8, 2713). 

4.  By  treating  monobromsuccinic  acid  with  silver  oxide  and  water,  with  water 
alone,  with  dilute  hydrochloric  acid,  or  with  dilute  sodium  hydroxide  at  loo^  (B.  24, 
R.  970). 

5.  By  the  action  of  N.O,  upon  inactive  aspartic  acid. 

6.  By  the  reduction  of  racemic  acid  with  hydriodic  acid. 

7.  When  oxalacetic  ester  is  reduced  with  sodium  amalgam  in  acid  solution  (B. 
24,3417;  25,2448). 

8.  By  the  action  of  caustic  potash  upon  the  transposition-product  of  CNK  and 
/?<lichlorpropionic  ester. 

9.  By  saponifying  the  esters  of  chlorethane  tricarboxylic  acid. 

10.  When  caustic  potash  acts  upon  7-trich1or-)9-oxybutyric  acid,  CC],CH  .  OH .  - 
CH,.CO,H,  the  reaction-product  of  glacial  acetic  acid  with  chloral  and  malonic 
acid  (B.  25,  794). 

The  identity  of  the  acids  from  i  to  6  has  been  proved  by  means  of  the  well-crystal - 
lixed  mono-ammonium  salt,  C^H^O^NH^  -|-  H,0,  of  the  inactive  acid  (B.  x8,  1949, 
2170). 

Formation  of  the  Ictvo-  and  dextro-  forms :  Racemic  acid  can  be 
reduced  to  inactive  malic  acid,  which  cinchonine  will  resolve  into 
salts  of  the  two  acids  (B.  13,  351 ;  18,  R.  537).  The  dextro-acid  has 
also  been  obtained  by  the  reduction  of  ordinary  or  dextro-tartaric 
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acid  with  hydriodic  acid,  and  by  the  action  of  nitrous  acid  upon 
dextro-aspartic  acid,  whereas  1-asparagine  and  1-aspartic  acid  yield 
ordinary  or  1-malic  acid  (B.  28,  2772).  To  convert  the  two  optically 
active  malic  acids  into  each  other  it  is  only  necessary  to  treat  the 
chlorsuccinic  acids,  obtained  from  them,  with  moist  silver  oxide 
(Walden,  B.  29,  133). 

Properties, — Malic  acid  forms  deliquescent  cr)rstals,  which  dissolve 
readily  in  alcohol,  slightly  in  ether,  and  melt  at  100^. 

Deportment, — Natural  malic  acid  shows  the  following  reactions: 
(i)  When  heated  for  some  time  to  140-150**,  the  principal  product  is 
fumaric  acid  ;  heated  rapidly  to  180^,  it  decomposes  into  water,  fumaric 
acid,  and  maleic  anhydride  (p.  459).  (2)  Succinic  acid  is  formed  by 
the  reduction  of  malic  acid.  This  is  accomplished  by  the  fermenta- 
tion of  the  lime  salt  with  yeast,  or  by  heating  the  acid  with  hydriodic 
acid  to  130°  (p.  443).  (3)  When  it  is  warmed  with  hydrobromic 
acid,  it  forms  monobrom-succinic  acid.  PCI5  at  the  ordinary  tem- 
perature converts  1-malic  acid  into  d-chlorsuccinic  acid,  which  moist 
silver  oxide  changes  to  d-malic  acid.  (4)  Coumalic  acid  (p.  496)  is 
produced  when  malic  acid  is  heated  alone  or  with  sulphuric  acid  or 
zinc  chloride.  (5)  The  coumarines  are  produced  when  the  acid  is 
heated  with  phenols  and  sulphuric  acid.  This  result  is  probably  to 
be  explained  by  assuming  that  the  malic  acid  first  changes  to  the  half- 
aldehyde  of  malonic  acid,  CHO .  CH, .  CO,H,  and  this  then  con- 
denses with  the  phenols  (B.  17,  1646). 

Salts  of  the  Inactive  Acid :  Mono-ammonium  malate^  C4H505NH4  -f 
H,0  (B.  18,  1949,  2170).  The  diethyl  ester,  C,H,(OH)(CO,C,H5)„ 
boils  at  255°  (B.  25,  2448). 

Salts  of  the  Icevo-acidy  maiates  :  Ih^  primary  ammonium  salt^  ^^^if^^^O^  when 
exp>osed  to  a  temperature  of  160-200^,  becomes  fumarimide,  C^H^O, .  NH  (A.  239, 
159  Anm.). 

Neutral  Calcium  Malate,  C^H^OjCa  -|-  H,0,  separates  as  a  cr3r5talline  powder  on 
boiling.  The  acid  salt,  (QH505),Ca  -|-6H,0,  fonns  large  crystals  which  are  not 
very  soluble  in  cold  water  (B.  zg,  R.  679). 

Sodium  Brommalate  (from  the  acid,  C^H^BrOj)  is  formed  when  the  aqueous 
solution  of  sodium  dibromsuccinate  is  boiled ;  milk  of  lime  transforms  it  into  tartaric 
acid. 

\-Mali(  Ethers  and  Esters :  The  dialkylic  esters  when  slowly  heated  pass  into 
fumaric  esters  (B.  x8,  1952),  while  PCI5  and  PBr^  changes  them,  in  chloroform,  to 
d-chlor-  and  d-brom-succinic  esters  (p.  451). 

The  optical  rotatory  power  of  some  of  these  esters  has  been  determined.  They 
are  laevorotatory  (B.  28,  R.  725  ;  29,  R.  164,  C.  1897, 1,  88) : 


I- Malic  Methyl  Ester   boils  122^  (12  mm. 
1-Malic  Ethyl  Ester         "     129®  f  12  mm.j , 
1-Malic-n-propyl  Ester    •«    150®  (l 
1-Malic-n-butyl  Ester 


11 


12  mm. 
170**  (12  mm.' 


D 

i     1 

D 
D 

J 

D 


—6.883,  Af 
— 10.645,  M 
— 1 1. 601,  Af 
—10.722,  Af 


D 

D 

D 

I 

D 


=  11.15 
=  20.22 
=  25.29 
=  26.38 


Triethyl  Ester,  C^Ufi .  CjHsCCO.CjHj),.  boilsat  I l8-l20<»  (15 mm.)  (B.  13. 1394). 
Acetyl  Malic  Acid,  CII3CO .  OC:,H,(CO,H),.  melts  at  132®. 
Acetyl  Malic  Dimethyl  Ester,   CHjCO .  OC,Hj(CO,CH,)„  when  carefully  dts- 
tf/Zed  at  the  ordinary  temperature ,  >f \«\^  (^tcwcv^  ^ygdaxVc^  eater.   Acetyl  Malk  Anhy- 
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dride^  CH, .  CO .  OC^H,(C.O,),  melting  at  53-54*'  and  boiling  at  160-162^  (14  mm.\ 
decomposes  when  distilled  at  the  ordinary  temperature  into  maleic  anhydride  and 
acetic  acid  (A.  254,  166V 

Acetyl-1-malic  methyl  ester  boils  at  132^  (12  mm.)  ;  a[D]  =  —22.864,  M\p\  = 
— 46.64. 

Ace^M-malic  ethyl  ester  boils  at  141^  (12  mm.) ;  a[D]  =  — 22.601,  il/'[D]  = 

—52^3. 

Ph>pionyM*iiialic  methyl  ester  boils  at  142^  (12  mm.) ;  a[D]  =  — 23.08,  Jlf[p]  =. 

—50.31. 

Amides  of  Lavo-maiu  Acid:  Ethyl  Malamate,  C;H,(0H)<^^  '  ^^^  ,  U  ob- 
tained by  leading  anmionia  into  the  alcoholic  solution  of  malic  ester;  it  forms  a  crys- 
talline mass. 

Malamide,  Cfifi^^^  is  formed  by  the  action  of  ammonia  upon  dry  ethyl 
malate. 

Suiph4^mccinic  Acid,  (SO,H)C,H,(CO,H), . 

\-Chlormalic  Ethyl  Ester,  melting  at  162-165^  (15  mm.),  and  X-hrommaltc  ethyl 
ester f  boiling  at  165-168°  (15  mm.),  are  produced  when  PCl^  and  PBr^  act  upon 
d-tartaric  acid  (B.  28,  1 291). 


AMIDO-SUCCINIC  ACIDS. 

Aspanic  acid  bears  the  same  relation  to  malic  and  succinic  acids  as  glycocoU 
bears  to  glycollic  add  and  acetic  acid;  hence,  it  may  be  called  aroido-succinic  acid : 

NH, .  CHjCOjH  HO  .  CH, .  CO.H  CH, .  C0,H 

Glycocoll  Glycollic  Ada  Acetic  Acid 

NH, .  CH .  CO,H  HO .  CH .  CO,H  CH, .  CO,H 

in, .  CO,H  CH, .  CO,H  CH, .  CO,H 

Amidosuccinic  Acid  Malic  Acid  Succinic  Acid. 

Amidosuccinic  acid  contains  an  asymmetric  carbon  atom.  Like 
malic  acid,  it  can  appear  in  three  modifications.  The  1-amido-suc- 
cinic  acid  or  laevo-aspartic  acid  is  the  roost  important  of  these. 

Inactive  [d-fl]  Atpartic  Acid,  Asparacemic  Add,  NH,C,H,(CO,H),y  it 
produced: 

(1)  By  the  union  of  1-  and  d-aspartic  acids. 

(2)  On  heating  active  aspartic  add  (a)  with  water,  {b)  with  alcoholic  ammonia  to 
140-150^,  or  U)  with  hydrochloric  acid  to  lyo-iSo^*  (B.  19, 1694). 

i3)  When  fumarimide  (p.  488)  is  boiled  with  hydrochloric  acid. 
4)  On  heating  fumaric  and  maleic  acids  with  ammonia  (B.  20,  R.  557 ;  21, 
R.  644). 

(5)  By  evaporating  a  solution  of  hydroxylamine  fumarate  (B.  29,  1478). 

(6)  By  redudng  oximido-succinic  ester  with  sodium  amalgam  (B.  2Z,  R.  351)* 
Like  glycocoll,  it  combines  with  alkalies  and  acids  yielding  salts. 

Nitrous  acid  changes  it  to  inactive  malic  acid. 

[d  +  l]-Diethyl  Aspartic  Ester,  NH, .  C,H,(CO,C,H4)„  boiling  at   150-154* 

25  mm.),  is  prodnced  on  heating  fumaric  and  maleic  esters  with  alcoholic  ammonia 

21,  R.  86). 

CH .  COaCLHit  ..%. 

Ethyl  a- Aspartic  Ester,  NH,.  1  „        '  '     ,  mellmg  at  165®  (decomposition),  it 

CH, .  COjH 

formed  by  the  reduction  of  a-oximido-succinic  roonethyl  ester  and  the  diethyl  ox- 

imido-oxalacetic  ester.     Ammonia  converts  it  into  inactive  a-asparagine  (constitution, 

compare  p.  491). 
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CH,.CO.C,H4 
Ethyl  ^-Aspartic  Ester ^  i  ,   melts  with   decompositioD    at 

NHj .  CH .  CO|H 

about  200°,  and  is  also  obtained  from  the  oxime  of  oxalacetic  ester  bj  reduction  with 

sodium  amalgam.     A  partial  saponification  ocairs  at  the  same  time.      Ammonia 

converts  it  into  the  two  optically  active  asparagines^  which  are  therefore  ^amido- 

succinamic  acids. 

r.       ,n  .        NHj.CH.CONH,   ,  ^      .^ 

[d  -f- 1]  a-Asparagine,  1  ,  decomposes   at   213-215^  without 

CH. .  CO^H 

melting,  and  results  from  asparaginimide,  aspartic  diethyl  ester,  and  a-mspaitic  moo- 
ethyl  ester  on  treating  them  with  concentrated  ammonia. 

NH, .  CH  .  CO 
Asparaginimide,  1  >NH  (?),  consists  of  needles,  which  char  at 

CH. .  CO 

about  250^.     It  is  produced  when  ammonia  (6.  ai,  R.  87}  acts  upon  bromsnccinic 

ester. 

PhenylasparHc   Acid,   C^H^NH  .  CH(CO,H)CH,  .  CO,H,  melting   at   131 »,  is 

formed  from  the  action  of  bromsuccinic  acid  upon  aniline.     Phenylasparaginamii^ 

C^H^NHCsHjCjO, .  NCqHj,  melts  at  2io<*.     It  resnlu  on  adding  aniline  to  maleln- 

anil  (A.  239,  137). 

1- Aspartic  Acid.  J.„        '  „     '   ,  occurs  in  the  vioasse  obtained 

CH]  •  CO^H 

from  the  beet  root,  and  is  procured  from  albuminous  bodies  in  various 
reactions.  It  is  prepared  by  boiling  asparagine  with  alkalies  and 
acids  (B.  17,  2929). 

Naturally  occurring  aspartic  acid  is  Isevo-rotatory ;  it  crystallixes  in  rhombic  prisms 
or  leaflets,  and  dissolves  with  difficulty  in  water.  Nitrous  acid  converts  it  into  ordi- 
nary 1-malic  acid  (B.  28,  2769). 

d-Aspartic  Acid  is  produced  when  d-asparagine  is  boiled  with  dilute  hydrochloric 
acid  (6.  1 9,  1694). 

CH, .  CO'NH,       „  ^ 

1-  and  d-Asparagine,  ^^    tnco  H       "^  *^^  monam- 

ides  of  the  two  optically  active  aspartic  acids,  and  are  isomeric  with 
malamide. 

Historical. — As  early  as  1 805  Vauquelin  and  Robiquet  discovered  the  laevo-aspara- 
gine  in  asparagus.  Liebig,  in  1833,  established  its  true  composition.  Kolbe  (1862) 
was  the  first  to  regard  it  as  the  amide  of  amidosuccinic  acid.  Piutti  (1886)  discov- 
ered dextro-asparagine  in  the  sprouts  of  vetches,  in  which  it  occurs  together  with 
much  Isevo-asparagine. 

Laevo-asparagine  is  found  in  many  plants,  chiefly  in  their  seeds ;  in 
asparagus  {Asparagus  officinalis^^  in  beet-root,  in  peas,  in  beans,  and  in 
vetch  sprouts,  from  which  it  is  obtained  on  a  large  scale,  and  also  in 
wheat.  The  laevo-  and  dextro-asparagines  not  only  occur  together  in 
the  sprouts  of  vetches,  but  they  are  found  together  if  asparaginimide, 
produced  from  bromsuccinic  ester,  is  heated  to  100**  with  ammonia, 
or  by  the  action  of  alcoholic  ammonia  upon  ^S-aspartic  ester  (B.  ao, 
R.  510;  B.  22,  R.  243).  Dextro-asparagine,  from  the  sprouts  of 
vetches,  has  been  produced  on  heating  maleic  anhydride  to  no**  with 
alcoholic  ammonia  (B.  29,  2070). 


CONSTITUTION  OF  THE  ASPARAGINES. 


491 


Both  optically  active  asparagines  crystallize  in  rhombic,  right  and 
left  hemihedral  crystals,  which  dissolve  slowly  in  hot  water,  in  alcohol 
and  ether,  but  they  are  not  easily  soluble.  It  is  not  possible  for  them 
to  combine  in  aqueous  solution  to  an  optically  inactive  asparagine. 
It  is  remarkable  that  the  dextro-asparagine  has  a  sweet  taste,  while  the 
laevo-form  possesses  a  disagreeable  and  cooling  taste.  Pasteur  assumes 
that  the  nerve  substance  dealing  with  taste  behaves  toward  the  two 
asparagines  like  an  optically  active  body,  and  hence  reacts  differently 
with  each. 

CoHstihitian  of  the  Asparagimt. — ^When  the  oxime  of  oxalacetic  ester  is  redaced 
with  sodium  amalgam,  either  a-  or  ^-ethyl-amido-succinic  acid  is  formed  with  a  par- 
.tial  saponification,  depending  upon  the  conditions  of  the  reaction.  The  constitution 
of  the  a  acid,  melting  at  165^,  follows  from  its  formation  by  the  reduction  of  the  two 
probable,  spacial  isomeric  oximidosuccinic  ethyl  ester  acids,  which  split  off  CO,  and 
yield  a-oximidopropionic  acid  (p.  371).  Hence,  it  may  be  inferred  that  the  acid 
melting  with  decomposition  at  200°  contains  the  amido  group  in  the  ^-position  with 
reference  to  the  carboxethyl  group  (6.  2a,  R.  241).  Ammonia  converts  both  acids 
into  their  corresponding  an^ido-acids.  We  obtain  inactive  a-asparagine  from  the 
a-add,  and  from  the  j3-acid  a  mixture  of  the  two  optically  active  /9-asparagines  results: 


CO,C.H, 
CHNHi 


CO,C,H, 
C=NOH         / 

^  ~\ 

CO.C,H,  \ 


H, 


I 

CO,H 
m.  p.  16^ 

CO,H 

iHNH, 

CH, 

(!:o,c,H, 

m.  p.  2fxP 


CONH, 

->  iHNH, 
I 
CH, 

CO,H 

Inact.-a-Aspara- 

gine 

CO,H 

CHNH, 

CH, 

CONH, 

L  +  D 
0- Asparagine. 


CO, .  C,H,  CO,C,H, 

C = N(OH)  "^Q;  C  =  N(OH) 

CH,  CH, 

CO,H 
Ethyl  Oximido-  «pOximido-pro- 

succinic  Acid  picnic  Ester 


Iioasparagine^  1     '  *       '      >  results  from  the  action  of  aluminium  amalgam 

N^H.CH .  CONH, 

upon  potassium  amidofumaramidate  (C.  1897,  I,  364). 

Malic  Acid  Homologues  are  formed :  by  the  addition  of  hydrocyanic  acid  to 
^-ketonic  esters ;  by  the  addition  of  ClOH  to  alkylic  maleic  acids  and  subsequent 
reduction  ;  and  by  the  reduction  of  alkylic  oxalacetic  esters. 

CH,C(OH)CO,H 
a-(7jr)'^>>fr0tor/ar^^aV/,Citrainalic  Acid,  a- Methyl  Malic  Acid,  1         r-cw^  * 

CH, .  CO,H 

melting  at  119**,  is  produced  (i)  in  the  oxidation  of  isovaleric  acid  (p.  248)  with 

nitric  acid  ;  (2)  from  acetoacetic  ester  by  means  of  CNH  and  HCl,  and  (3)  by  the 

reduction  of  chlorcitramalic  acid,  the  addition  product  resulting  from  the  union  of 

QOH  to  citraconic  acid.     It  breaks  down  at  about  200^  into  water  and  citraconic 

anhydride  (B.   25,   196).     ^'Amidopyrotartaric  Acid^  [d  -f  H  homoaspartic  acid, 

CH, .  C(NH,)CO,H       „^        ,        ,  ^   ^  ^^«      ,      ..     .. 

'    r       '  „        +  H,0,  melU  when  anhydrous  at  166^     Its  diamide  results 
CH,C0,H 


49'  ORGANIC  CHEMISTRY. 

from  the  action  of  unmonia  upon  ita-,  dtim-,  and  mesaconic  tHen  (B.  97,  R.  121). 
When  it  crystalliaes  it  spUu  into  the  d-  and  I-acids. 

«  ^   ....  ....   CH, .  C(NHC,H.)CO,H 

P'Anutdafytroiartaru  Acuf,  JL„     ^  „  i   melting  at    135®,  resnits 

from  the  leairangement  of  the  HCN-addition  product  of  acetoacetic  ester  with 
aniline,  and  the  lubsequent  saponification  with  caustic  potash.  When  heated,  it 
passes  into  j3-anilidopyrotartraniI  and  citraconanil  (A.  a6i,  138). 

^  .^  .   .  .^    .        .     CH, .  CW .  CO.H 

fi'MHkyl  Mahc  And,  tHrOH^    CO  H'  "*  *  «'*«wl«»  «y™P.  readily  aolu. 

ble  in  water,  in  alcohol,  and  in  ether.  It  is  formed  when  methyl  oxalacetic  ester  is 
reduced  with  sodium  amalgam,  and  in  an  active  1-  form  from  a  citraconic  acid  solu- 
tion by  the  action  of  a  fnngus  (B.  27,  R.  470).  Mesaconic  acid  and  citraconic  anhy- 
dride (B.  15,  196, 1484)  are  produced  when  it  is  heated. 

C  H  CrOH^CO  H 
a^fi^Methyl  Ethyl  Maiic  AM,  rntHCO  H  '     '  °^^  *^  '3I.5-I32*  (B.  26, 

R.  190). 

TrimetAyl  Afa/ic  Acid  melts  tit  1$$^  (10  sec.  i^),  and  is  obtained  from  dimethyl 

acetoacetic  ester  with  prussic  add,  with  subsequent  saponification  by  hydrochl<Mic 

add  (B.  29, 1543,  1619). 

..^..    .  .,  (CH,), .  CH .  C(OH) .  CO,H  ^ 
Isopropyl  Malu  Actd,  *  1         '  ,  from  brom-pimdic  ester  (A. 

CHj .  CX^jH 

267,  132),  melts  at  154*'. 

Paraconic  Acids  are  y-lactonic  acids.  Like  the  y-ozyalkylic  malonic  acids,  they 
are  converted  by  alkalies  and  alkaline  earths  into  salts  of  the  corresponding  oxy- 
succinic  acids.  When  the  latter  are  set  free  from  their  salts  they  immediately  break 
down  into  water  and  lactonic  acids.  The  alkylic  paraconic  acids  are  formed  when 
sodium  succinate  or  p3rrotartrate  and  aldehydes  (acetaldehyde,  chloral,  propionic 
aldehyde)  are  condensed  by  means  of  acetic  anhydride  at  100-120^  (Fittig,  A. 
ass,  0 : 

^w,    ^,,^       CHj.COjH       CHj.CH CH.COjH       „^ 

CH,.  CHO  +1  =1  I  -f  H,0. 

■  ^  CH,.  CO,H  0  .  CO  .  CH,  ^  ^ 

Succinic  Acid  Methyl  Paraconic  Acid. 

Paraconic  Acid,   1    '~       "^CH,   ,  is   best   prepared   by    boiling    itabrom- 

o io 

P3rrotartaric  acid  with  water  and  acidulating  the  calcium  salt  of  the  corresponding 
oxysucdnic  add — itamalic  acid,  formed  on  boiling  itachlorpjrrotartaric  acid  with  a 
soda  solution.  It  melts  at  57-58^.  When  boiled  with  bases,  it  forms  salts  of 
itamalic  acid ;  it  yields  citraconic  anhydride  when  it  is  distilled  (A.  216,  77). 

CH, .  CH  .  C0,H 
Pj/if</Mftf^0fitfif »/^  ^n!i(/,  y-anilidopTTotartro-lactamic  acid,  |  \  , 

CeHjN .  CO  .  CH, 
melting  at  190^,  is  formed  from  itaconic  acid  (A.  254,  129),  by  the  addition  of  ani- 
line, and  the  lactam  formation. 

CH.CH CH.CO,H        ,         ^  ,_ 

Methyl  Paraconic  Acid,  1    ^^    l„  ,  melte  at  84.5®.     When  dis- 

O .  CO .  CH, 

tilled,  methyl  paraconic  add  yields  valerolactone,  ethidene  propionic  acid  (p.  283), 

methylitaoonic  acid,  and  methyl  citraconic  acid  (B.  23,  R.  91). 

CCl, .  CH CHOO,H       , .  ^  .    . 

Trichlormethyl  Paraconic  Acid,  1  1  .melting  at  97*^,  is  changed 

by  cold  baryta  water  into  isocitric  acid  (see  this). 
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CjHg .  CH .  CH<^CO,H 
Ethyl  Paxaconic  Acid,  I  CH,   ,  melts  at  85^  C.  Wheo  dUailed, 

6 60 

it  breaks  up  chiefly  into  carbon  dioxide  and  caprolactone  (p.  346).     Isomeric  hydro- 
sorbic  acid  is  formed  at  the  same  time  (B.  23,  R.  93). 

^     ..     ...   (CH,),C CHCO,H 

Terfhc  Add,  ^       '^^   cO    (llH  '  ^'^^^^^  ^^* 

(CH,),C : — CH .  CH,.  CO,H 

6— CO— in, 

(CH,),C CH .  CH, .  CH, .  CO,H 

•aAJUmOerfenylu  AciJ,  \  I  ,  are  three  oxidation 

O  •  CO .  CH, 
products  of  turpentine  oil.    They  will  be  discussed  in  connection  with  pinene,  the 
principal  ingredient  of  the  oil. 

.       QH. .  CH  .  CH<^2'" 
Propylparacomc  Acid,  1  ^"a  ,  melts  at  73. 5^     X-Heptolac- 

O CO 

tone,  heptylenic  add,  CfH„0,,  and  propylitaconic  acid,  C,H],04  (B.  20,  3180),  are 
produced  by  the  distillation  of  propylparaconic  acid. 

Isopiapylparaconic  Acid  melts  at  69^,  and  when  distilled  decomposes  into 
7-isoheptolactone  and  isoheptylenic  acid. 


OXYOLUTARIC  ACID  OROUP. 

a-Oxyglutaric   Acid,  CH,<^[J(^^  j^^*"  (A.  ao8,  66,  and  B.  15,  "57), 

is  obtained  by  the  action  of  nitrous  acid  upon  glutaminic  acid ;  it  occurs  in  molasses. 
It  crystallizes  with  difficulty,  and  melts  at  72°.  Heated  with  hydriodic  acid,  it  yields 
glutaric  acid  (p.  452).  When  heated,  it  readily  passes  into  its  lactone^  melting  at 
49-50**  (A.  a6o,  129). 

Gluiamink  Acid,  a-Amidoglutaric  Acid,  ^H|<CrH     C(J  H      '     '  contains  an 

asymmetric  carbon  atom  (p.  45),  and  therefore  it  can,  like  malic  acid  (p.  487), 
appear  in  three  modifications.  Dextro-  or  ordinary  glutaminic  acid  occurs  in  various 
seeds  and  in  the  sprouts  of  vetches,  as  well  as  with  aspartic  acid  in  the  molasses 
ftmn  beet  root,  and  is  formed  along  with  other  compounds  (p.  351^  when  albuminoid 
^nbftances  are  boiled  with  dilute  sulphuric  acid.  It  consists  of  brilliant  rhombohedra, 
vMale  in  hot  water  but  insoluble  in  alcohol  and  ether.  It  melts  at  202-202.5^,  and 
suffers  partial  decomposition. 

1-Glutaminic  acid  is  obtained  from  the  inactive  variety  by  means  of  PenicUliutn 
gtoHcum  (p.  68). 

Ituutrve  [d  -{-  1]  glutaminic  acid  results  from  ordinary  gkOaminic  acid  on  heating 
it  to  150-160^  with  baryta  water,  and  from  a-isonitrosoglutaric  acid  (A.  a6o,  119). 
It  melts  at  198®,  and  by  repeated  crystallization  breaks  down  into  d-  and  1-glutaminic 
acid  crystals  (B.  27,  R.  269,  402;  29,  1700).  [d  -f-  11  Pyroglutaminic  Acid, 
melting  at  182-183°,  is  the  7-lactam  of  the  glutaminie  acid,  which  results  on  heating 
ordinary  glutaminic  acid  to  190'',  and  on  continued  heating  breaks  down  into  CO, 
and  pyrrol  (B.  15,  1342) : 

XH(NH,)CO,H     „o  .CH(NH).CO,H  _po  XH— NH 

^CH,.COOH  ^CH,C0  *  \CH=CH 

Glutaminic  Add  Pyrogluuminic  Acid  Pyrrol. 

Qlutamine,  a-amidoglutaramic  acid,  C,Hg(NH,)<^QQu*,  occurs  together  with 
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9apangmt  in  beet-root,  in  spfonts  aid  other  pbnts  (B.  39, 1882,  C.  1897,  1, 105). 

It  is  optically  inactive. 

X'Cartiovnlefolactoiiic  Add,  a-methylglntolactonic  add,    Talctolactone-x-car- 

QCH.)(0)CX),H 
bozjik  add,  CH,<^         )S^         »  melting  from  68-70^,  is  deliquescent,  and 

is  prodoced  (i)  byozidiang  y-isocaprolactone  (p.  346)  witb  nitric  add  (A.  ao8,  62) ; 
and  (2)  by  tbc  action  of  potassinm  cyanide  and  hydrochloric  add  upon  laernlinic 

acid  (p.  379).  It^propflghtipUutamu  Acid,  CO,H .  C(C;H,)CH,  .  CH^COO,  melt- 
ing at  67^,  has  been  obtained  from  (^-dimethyl  laeTuUnic  add  by  the  interaction  of 
pmssic  add  and  hydrochloric  add  (A.   288,  185).      a-Oxy-Ofya-tritiutkyighU^ 

Uufomc  Acid^   CH,<  ^L  ,  melting  at  loj®,  is  fonned  from  brom-tn- 

C^C  n  •)jCO 

methyl  glntaric  add  on  boiling  it  with  caostic  potash,  as  well  as  from  mesitonic 

acid,  pmssic  add,  and  hydrochloric  add  (A.  292,  220). 

Mesitylic  Acid,  a-Amido-aaiOj-trimethyl  glntaric  lactam, 

C{CH,)  NHCOjH 

melts  at  174^,  when  anhydroos,  and  is  obtained  by  boiling  the  hydrochloric  acid 
addition-product  arising  from  mesityl  oxide,  cyanide  of  potassium,  and  alcohol  (see 
mesitonic  add  (p.  381).  It  is  converted  into  unsym.  dimethyl-succinimide  (B.  14, 
1074)  by  potassium  permanganate. 

/3-Oz7glataric  Acid,  CH(OH)<^|{**  ^*H'  melting  at  950,  has  been  prepared 

by  redudng  an  aqueous  solution  of  acetone  dicarboxylic  add  (B.  24,  3250).  Sul- 
phuric add  converts  it  into  glutaconic  add  (p.  467).  The  diethyl  ester  boils  at  150^ 
(II  mm.)  (B.  25,  1976).  Ammonia  changes  the  ester  to  the  diamide,  which  passes 
over  into  glutaconimide  when  treated  with  sulphuric  add. 

^•Chlorglutnric  Acid  results  on  treating  glutaconic  acid  with  hydrochloric  acid. 
From  it  and  glutaconic  acid  there  results,  by  the  action  of  ammonia : 

^'Amidoglutaru  Acid,  CO,H  .  CH, .  CH(NH,)CH,  .  CO,H,  melting  at  247-248* 

with  decomposition. 

CH{CO,H)  CH,CH,CO 
d-CaproUctone-x-Carbozylic  Acid,  j 1    ,  melting  at 

107**,  is  produced  in  the  reduction  of  a-acetglntaric  add  (B.  29,  2368).  Compare 
also  p.  278  and  yd-hexeoic  acid  (p.  284). 

a- Hydroxy adipic  Acid,  see  B.  28,  R.  466. 

a- Hydroxy sebacic  Acid,  see  B.  27,  121 7. 


B.    OXY^LBPINB  DICARBOXYLIC  ACIDS. 

Oxymethylene  Malonic  Ester,  (CO,C,Hj),C  =  CHOH,  boiling  at  218®, 
forms  a  gray  copper  salt,  melting  at  138°.  Ethozymethylene  Malonic  Ester, 
(CO|C,Hj),C  =  CHOC,H},  boiling  at  280*,  is  obtained  from  malonic  ester  and 
orthofonnic  ester.  It  combines  readily  with  malonic  ester,  forming  dicarboxylic  glu- 
taconic ester  or  methenylbismalonic  ester,  (C0,C,H5),C  =  CH  .  CH(CX),C,Hj), 
(B.  26,  2731,  and  private  communication  from  L.  Claisen). 

Cyclic  oxymethylene  malonic  acid  derivatives  are  produced  by  the  action  of 
amidines,  hydrazine,  and  hydroxylamine  upon  dicarboxyl  glutaconic  ester  (B.  27, 
821,  ir83). 

nethylene  Malonic  Ester.  (CO,C,H5),C  —  CHNH,,  melting  at  67®, 
ried  iVom  etboxymethylene  malonic  ester  and  dicarboxyl-glutaconic  ester 
n  of  ammonia  (Chem.  Soc.  59,  746). 
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CH, .  COOC CO 

Acetozymalefc  Anhydride,  I  g^r\^^*  melting  at  90^,  u  pro- 

CH  -^  CO 

duced  by  acting  on  acetylene   dicarboxylic  acid  and  ozalacetic  acid   with  acetic 

anhydride  at  100°.     Alcohol  converts  it  into  a  mixture  of  acetic  and  oxalacetic  esters 

(B.  a8,  251 1). 

CjHjO .  C COjCjHj 

Ethozyfdmaric  Ester,  B  r-r^  n  v^  *  boiling  at  130®  (11  mm.),  is 

CH  —  CO*Cf  H|^ 

produced  when  ethyl  iodide  acts  upon  silver  oxalacetic  ester,  as  well  as^from  ordinary 
dibromsuccinic  ester  and  sodium  ethylate.  Diethoxysuccinic  ester  is  produced 
simultaneously.  It  is  the  sodium  salt  of  this  body  that  is  formed  through  the  action 
of  sodium  ethylate  upon  the  ethoxyfumaric  ester  (B.  aS,  2512).  Cold  dilute  alkalies 
change  the  ester  to  ethoxyfumaric  add^  melting  at  133°.  Acetic  anhydride  converts 
ibis  into  liquid  ethoxymaleic  anhydride.  Ethoxymalelc  Acid,  produced  by  the 
action  of  water  on  the  anhydride,  melts  at  126**.  Hydrochloric  acid  changes  ethoxy- 
fumaric and  ethoxymalelc  esters  into  oxalacetic  acid  (B.  29,  1792). 

Probably  the  ammonia  addition-product  of  oxalacetic  ester  is  an  ammonium  deriva- 
tive of  ethoxyfumaric  ester,  COjC,Hj .  C(ONHJ  .  CiICO,C,Hj.  It  melts  at  83®, 
and  gradually  changes  to  oxalcitric  acid  lactone  ester  (A.  295,  346). 

NHj.C.COjCjHj 

Ethyl  Amidofumaric    Ester,  ^^     >^  „     1   „  1  boiling  at   142®  (20 

COj .  Cf  H  J .  C .  o 

mm.),  is  obtained  by  the  action  of  ammonia  upon  chlorfumaric  ethyl  ester  and  chlor- 

malelc  ethyl  ester;  also  by  the  rapid  distillation  of  oxalacetic  ester  (A.  295,  344). 

Copper  acetate  slowly  changes  it  to  oxalacetic  ester.     Ethyl  Amidofumaramide 

NHj.C.CO.NH, 

Ester,  \  (?),  melU   at   139**,  and  Ethyl  Amidomalein- 

C0| .  C}H« .  CH 

NH, .  C .  CONH, 

amide  Ester,  U    ^_  -,  __  (?)t  melts  at  119^.    See  isoasparagine,  p.  491  (C. 

HC  •  COgCgHj 

1897,  I,  364). 

Oxymethylene  Succinic  Ester,  Formyl  Succinic  Ester, 

CH(OH) :  C COjCjHj 

CH| .  CO] .  C^Hj 

boiling  at  125^  (16  mm.),  results  from  the  condensation  of  succinic  ester  with  formic 
ester  and  sodium  ethylate.  Ferric  thloride  imparts  a  violet  color  to  it  (B.  26,  R.  91). 
It  can  be  reduced  to  itamalic  ester  (p.  492),  and  the  alkalies  decompose  it  into  alco- 
hol, formic  acid,  and  succinic  acid  (B.  27,  3186).  See  B.  26,  2061,  for  the  action 
of  hydrazine.     The  lactone  corresponding  to  oxymethylene  succinic  acid  is  probably : 

CH  =  C .  CO.H 
Aconic    Acid,   1  A  >  melting  at  164^,  which  results  on  boiling  ita- 

dibromtartaric  acid  with  water  (A.  Spl.  i, 347  ;  B.  27, 3440).     The  methyl eiter  melts 

at  84°.     Aconic  acid  bears  the  same  relation  to  ethoxymed^ylene  succinic  ester  that 

coumalic  add  sustains  to  methyl  methoxymethylene  glntaconic  ester. 

CH, .  C  =  C .  CO,C,Ha 
a- Aminoethidene  Succinic  Ester,  1         1  ',  melts  at  72^(8. 

NH, .  CH| .  COgC^Hj 

20, 3058)  and  a- Aminoethidene  Succinimide  melts  at  274°.  See  acetosuccinic 
ester. 

CH  =  C  .  CHjCO.H 
MucolactonicAcid,   1  1  ,  is  obtained  by  heating  dibromadipic 

acid,  CgHgBr^O^  (from  hydromuconic  acid,  p.  467),  with  silver  oxide.  It  melts  at 
122-125^. 


49^  OROANIC  CHEMISTRY. 

/SAmidoiriaucoiiic  Ester,  CO,C,H( .  CH  =  C(NH,)CH, .  CaCH^,  boiU  at 

<■  xl .  COv 

melts  with  decomposition  at  300^  (compare  acetone  dicaiboxjlic  ester). 

Lxutamt  of  x-amido-unsatarated  dicarbozylic  acids   rescdt  when  ammonia  and 
primary  amines  act  upon  acetoacetic  ester  (A.  260,  137) : 

CH,.CO .  CH.COjCjHj  CHj.C  =  C.CO,C,H,  CH,.C C.CO,C,Hj 

iH,.oo,.c,H^    ^     nh,.c:h^co.oc,h,  ^      Jh.co.ch, 

Lactams  of  (I-amido  unsaturated  dicarboxylic  acids  are  formed  when  ammonia  and 
primary  amines  act  upon  a-acetylglntaric  ester  (B.  24,  R.  661). 


C.  OXYDIOLBPINB  DICARBOXYLIC  ACID. 

CH  C .  CO.H 

Coumalic  Acid,  1  1  »  melts  with  decomposition  at  206®. 

O  .  CO  .  CH  ^  CH 

It  is  isomeric  with  oomanic  acid  (see  this).  It  is  produced  when  malic  acid  is  heated 
with  concentrated  sulphuric  acid  or  ZnCi|.  Oxymethylene  acetic  acid,  HO .  CH  = 
CH  .  CO|H  (p.  361),  is  an  intermediate  product.  Its  condensation  gives  rise  to  the 
coumalic  acid,  since  the  latter  is  also  formed  when  sulphuric  acid  acts  upon  oxy- 
methylene acetic  ester  (A.  164,  269).  Like  chelidonic  and  meconic  acids,  it  forms 
yellow-colored  salts  with  the  alkalies.  Coumalic  acid  is  decomposed  hy  boiling 
baryta  water  into  glutaconic  add  (p.  467)  and  formic  acid.  Boiling  dilute  sulphuric 
acid  breaks  it  down  into  CO,  and  crotonaldehyde  (p.  208).  Anunonia  converts  it 
into  the  corresponding  d-iactam^  the  so-called  P-oxynicoiinic  acid.  It  combines  to 
CH.CH, 

pyrazolon,   U         .,,>CO  (p.  367)  (B.  27,  791),  with  a  dilute  hydrazine  solution. 
N —  NH 

Oxymethylene  GluUconic  Acid,  HO .  CH  =  C(CO,H) .  CH  =  CH  .  CO,H. 

Coumalic  acid  might  be  regarded  as  the  <f-lactone  of  this  oxy-acid.     It  is  not  known 

in    a    free    state,  but   methoxynutkyUne  glutaconic  methyl  ester^  CH,0 .  CH  = 

C(CO,CH,) .  CH  =  CH .  CO,CH„  melting  at  62^,  is  produced  on  treating  coumalic 

acid  with  methyl  alcohol  and  hydrochloric  acid  (A.  273,  164). 

C(CH,)-  C.CO,H 

Itodebydracetic  Acid,  Dimethyl  Coumalic  Acid,   1        *  ^       '    » 

O  .  COCH C.CHj 

melting  at  155^,  is  isomeric  with  dehydracetic  acid  (see  this).  It  is  produced  (l)  by 
the  action  of  concentrated  sulphuric  acid  upon  acetoacetic  ester ;  (2)  from  /9-chloriso- 
crotonic  ester  and  sodium  acetoacetic  ester  (A.  259,  179).  It  decomposes  when 
heated  to  200-205^  into  CO,  and  mesitene  lactone.  The  methyl  ester  melts  at 67-67.5^ 
and  boils  at  l6^^  (14  mm.).  The  ethyl  ester  boils  at  i66<*  (12  mm.).  The  latter 
takes  up  ammonia  and  yields  an  ammonium  salt,  which  in  a  certain  respect  is  simi- 
larly constituted  to  ammonium  carbamate,  ^r^   >C  =  O : 


O .  C(CH,)  =  C .  COjCjH^ 
^n|£>^  .  CH C .  CH, 


/3-  Oxynicotinic  Acid  and  ^S-oxy- dimethyl  nicotinic  acid  are  d-lactams  correspond- 
ing to  coumalic  and  isodehydracetic  acids.  The  ethyl  ester  of  the  second  lactam — 
the  so-called  carbozethyl  paeudolutidostyril,  melting  at  137* — results  from  the 
action  of  ammonia  upon  ethyl  isodehydracetic  ester  at  100-140^.  The  same  d-lac- 
tam  is  obtained  in  the  condensation  of  /3-amidocrotonic  ester  (p.  363)  (A.  159,  172). 
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13.  KETONE  DICARBOXYLIC  ACIDS. 

Dibasic  carboxylic  acids,  containing  a  ketone  group  in  addition  to 
the  carboxyl  groups,  are  mainly  synthesized  as  follows : 

1.  By  the  introduction  of  acid  radicals  into  malonic  esters. 

2.  By  introducing  the  residues  of  acid  esters  into  acetoacetic  ester. 

3.  By  the  condensation  of  oxalic  esters  with  fatty  acid  esters. 
These  methods  of  formation  will  be  more  fully  considered  under  the 

individual  groups  of  the  monoketone  carboxylic  acids.  The  position 
of  the  two  carboxyl  groups  is  again  the  basis  for  their  classification  as 
the  ketomaUmic  acid  group ^  the  ketostucinic  acid  group^  the  ketoglutaric 
euidgraupf  etc. 

KBTOMALONIC  ACID  GROUP. 

Mesoxalic  Acid,  Dioxymahnic  Acid,  \Propandiol-diacid\ 

HO^P^CO.H 

melts  at  115^  without  loss  of  water.  It  is  assumed  that  in  this  acid  as 
in  glyoxylic  acid,  and  oxalic  acid  crystallized  from  water,  the  water 
molecule  is  not  present  as  water  of  crystallization,  but  that  the  double 
union  between  the  carbon  and  oxygen  has  been  severed,  and  that  it 
has  attached  itself  to  the  CO-group,  hence  two  hydroxyl  groups  are 
produced,  whence  the  name  dioxymalonic  acid : 

CO,H 

«g>C-OH  gg>CH  «g>^ 

|Jg>C  —  OH  COOH  CO,H 

Ortbo-oxaUc  Acid  Glyoxylic  Acid  Mesoxalic  Acid. 

Furthermore,  esters  of  mesoxalic  acid  derived  from  both  forms  are 
known.  They  are  the  oxo-  and  the  dioxymalonic  acid  esters.  Mesoxalic 
acid  is  formed  from  amidomalonic  acid  by  oxidation  with  iodine  in  an 
aqueous  solution  of  potassium  iodide;  from  dibrom-malonic  acid  by 
boiling  with  baryta  water  or  silver  oxide ;  by  boiling  alloxan  (mesox- 
alyl  urea)  with  baryta  water;  and  by  oxidizing  glycerol  with  nitric 
acid,  nitre,  and  bismuth  subnitrate  (B.  27,  R.  666). 

Mesoxalic  acid  crystallizes  in  deliquescent  prisms.  At  higher  tem- 
peratures it  decomposes  into  CO,  and  glyoxylic  acid,  CHO  .  CO,H.  It 
breaks  up  into  CO  and  oxalic  acid  by  the  evaporation  of  its  aqueous 
solution. 

Mesoxalic  acid  deports  itself  like  a  ketonic  acid,  inasmuch  as  it 
unites  with  primary  alkaline  sulphites,  and  when  acted  upon    by 
sodium  amalgam  in  aqueous  solution,  it  is  changed  to  tartronic  acid. 
It  combines  with  hydroxylamine  and  phenylhydrazine. 
4a 
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CO 
Salts, — Barium  mesoxaUUt^  C(OH),<pQ*>Bay  and  caUmm  mesaxaUUe^  are  cryi- 

talline  powders,  not  very  soluble  in  water.  The  ammonium  salt^  C(OH), .  (CO.  .- 
NH«)^  crystallizes  in  needles.  The  silver  soli,  C(OH), .  (CO,Ag)„  when  boiled  with 
water  aflbrds  mesoxalic  add,  siWer  oxalate,  silver,  and  CO,.  ^  B.  27,  R.  667,  for 
the  bismuth  salt. 

Eaters. — Two  series  of  esters  may  be  derived  from  mesoxalic  acid 
— the  anhydrous  or  oxomalonic  esters,  CO(CO,R%  and  the  di- 
oxymalonic  esters,  C(OH),(CO,R')t.  The  first  are  produced  when 
the  reaction-product  from  bromine  and  acetotartronic  ester  is  distilled, 
and  also  in  the  distillation  of  dioxymalonic  ester  under  diminished 
pressure.  The  oxomalonic  esters  absorb  water  with  avidity,  and 
thereby  change  to  their  corresponding  dioxymalonic  esters.  The  two 
compounds  bear  the  same  relation  to  each  other  that  chloral  sustains 
to  chloral  hydrate : 

HsO 

Ca,.CHO      Chloral   >- Ca,.CH(OH),       Chloral  Hydrate 

CO(CO,C,H,)  Oxomalonic  Ester?^^  C(OH),(CO,C,H,),  Dioxymalonic  Eater. 

Oxomalonic  Ethyl  Ester,  CO(CO,C,H.),,  boiling  at  loo-xox^  (14  mm.),  sp. 
gr.  1. 1358  (16°),  possesses  a  bright  greenish -yellow  color.  It  is  a  mobile  liquid, 
with  a  faint  but  not  disagreeable  odor.  When  heated  under  ordinary  pressure  it 
breaks  down  partly  into  CO  and  oxalic  ester  (B.  27,  1305).  Diozyinalonic  Ethyl 
Ester,  C(OH), .  (C(J,C,Hj),  melting  at  57^,  dissolves  easily  in  water,* alcohol,  and 
ether.  Diethoxymalonic  Ester,  (C,H.O),C(CO,C,H5),  melu  at  43®  and  boils  at 
228<'  (B.  30, 490) .  Diacetdiozymalonic  Ester,  (CH,CO .  0),C(C0,C|H5)„  melts 
»t  I45*- 

Nitrogen  Derivatives  of  Mesoxalic  Acid. 

Isonitrosomalonic  Acid,  C(N .  OH)(CO,H),,  is  formed  by  the  action  of  hy- 
droxylamine  (B.  16, 608, 162 1 )  upon  violuric  acid  (see  this)  and  mesoxalic  acid,  also 
from  its  ethyl  ester^  produced  when  nitrous  acid  is  conducted  into  the  soloticm  of 
sodium  malonic  ester.  It  melts  at  126^,  decomposing  at  the  same  time  into  hydro- 
cyanic acid,  carbon  dioxide,  and  water.  DimethyloximidomesoxeUamide^  N(OH) :  > 
C(CONHCH,)„  melts  at  228<>  (B.  28,  R.  912). 

Phenylhydrazidomesozalic  Acid,  CgH^NH  .  N :  C(CO|H),,  melts  with  decom- 
position at  163®.  It  is  obtained  (i)  from  mesoxalic  acid  and  pnenylhydraaioe ;  (2) 
by  the  saponification  of  its  ethyl  ester.     Ethyl  Phenylhydrasidomesoxalic  Acid, 

CjHjNH  .  N  =  C<^Q«^|J»,  melts  at  ii5«.     Pbenylhydrasidomesoxalic  Ethyl 

Ester,  CLH^NH.  N  =  C(c6,C2H5),,  is  obtained  both  from  mesoxalic  ester  and 
phenylhydrazine,  as  well  as  from  sodium  malonic  ester  and  diaaobenzene  chloride 
(B.  24,866, 1241:  25,  3183).  Hydrasidomesoxalamide,  NH,.N:C(CONH,),, 
melting  at  175%  results  from  dibrommalonamide  and  hydrazine  (B.  28,  R.  X052). 

Cyanozimido-acetic  Acid,  CN .  C :  N(OH  )CO,H,  melts,  when  anhydrous,  at 
129°  with  much  foaming.     It  is  produced  (X)  from  isomeric /Wftfcaii  carboxylic add^ 
^     N  =  C  .  CO,H 
^^  XT        'it  (P*  4^3)  >  (^)  ^'^  boiling  furazan  dicarboxylic  acid  with  water 

(B.  28,  72) ;  (3)  by  the  action  of  hydroxylamine  hydrochloride  upon  dioxytartaric 
acid  (see  this)  in  acid  solution,  /9-dioximidosuccinic  acid  (B.  24,  I988)  being  formed 
at  the  same  time ;  (4)  when  nitrous  acid  acts  upon  oxazolonhydroxamic  acid  (B.  28, 
761). 

Cyanoximido-acetic   Ester^  CN .  C :  N(OH)  .  CO^CiH^,  from  sodium  cyanacetic 
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ester  (p.  440)  tnd  amyl  nitrile  (B.  34,  R.  595),  melts  at  I27>X28°.  Detoxyfidmin- 
uric  Acid,  cyanisonitroso  acetamide,  CN.  C:N(OH).  CK)H):  NH  (see  p.  238). 
Cyanisonitroso-acttkydroxamu  Acid,  CN .  C :  (NOH) .  C(OH) :  N  .  OH,  melting  at 
107^,  is  formed  from  formyl  chloridoxime  (p.  233^  and  ammonia. 

Benzene  Mocyanacetic  Ester,  CgHjNH  .  N  :  C(CN)CO,^H5,  melting  at  125**,  is 
formed  from  cyanacetic  ester  and  diazobenzene  chloride  (6.  27,  R.  393).  Consult 
B.  28,  R.  997  for  substitution  derivatives  of  this  body. 

FhenylhydroMone-mesoxcUoniiriU,  (CN),C  =  N.  NHC.H5,  melts  with  decompo- 
sition between  130^  and  144^.  It  is  formed  when  diazobenzene  nitrate  acts  upon, 
potassium  malononitrile  (B.  29,  1174).  ' 

Ozazomalonic  Acid  results  from  the  action  of  nitric  oxide  and  sodium  ethylate 
opon  malonic  ether.  Caustic  soda  converts  the  unstable  reaction  product  into  the 
sodium  salt,  NtLf>  :  C(CO,Na).  -f  2H,0.  This  as  well  as  the  other  salts  explode 
very  ea.Mly,  particularly  when  they  are  anhydrous  (B.  28,  1795). 

N.C.CO.H 

Oxyfuratan  Carhoxylic  Acid,  ^^^r   /V^u       '  '^  oxyfurazan  acetic  acid  (p. 

500).  Mesoxalamide  derivatives  have  been  obtained  by  the  addition  of  COCl,  to 
phenyl-  and  toluylisocyanides.     Thus,  phenylisocyanide  gave : 

Mesoxaniiide-diimide  Chloride,  CO[CCl  =  NC^H}],,  melting  at  I45-I52<'  (15- 
20  mm.)  (A.  270,  286).  Viamidomalonamide,  diamidomesoxalamide,  CO,NH,C- 
(NH,)CONH,,  consists  of  white  crystals,  decomposing  at  150°.  It  restdts  from  the 
action  of  alcoholic  ammonia  upon  dibrom-malonic  ester  (p.  440),  and  upon  the  loss 
of  ammonia  passes  into  imidomahnamide,  CONH, .  C :  NH  .  CONH,  (B.  24,  3002). 

Acetyl  Malonic  Acid,  CH, .  CO .  CH(CO,H),.  Its  ethyl  ester  results  from  the 
interaction  of  chlorcarbonic  ester  and  sodium  acetoacetic  ester  (p.  388)  (B.  22,  2617  ; 

21,  3567).  It  is  a  mobile  liquid,  boiling  at  X20°  (17  mm.).  When  saponified  by  the 
alkalies  it  decomposes  into  CO|,  acetone,  and  acetic  acid. 

Acetyl  CyanaceHc  Acid,  CH, .  CO .  CH(CN)CO,C,H(,  melting  at  26^  and  boiling 
at  1x9^  (15-20  mm.),  is  produced  when  acetyl  chloride  acts  upon  sodium  cyanacetic 
ester.    Propimyl  CyanaceHc  Ester  boils  at  155-165^  (50  mm.)  (B.  ai,  R.  187,  354 ; 

22,  R.  407). 

KBT08UCCINIC  ACID  GROUP. 

CO   CO  H 

Oxalacetic  Ester,  Oxosuccinic  Ester  \Butanon'diacid\  ^^ '     '  .,* 

The  free  acid  is  not  stable.  Its  ethyl  ester ^  boiling  at  131-132®  (24 
mm.),  and  methyl  ester ,  melting  at  74-76®  and  boiling  at  137®  (39 
mm.)  (A.  277,  375),  are  formed  when  sodium  ethylate  (W.WisUcenus) 
acts  upon  a  mixture  of  oxalic  and  acetic  esters,  and  when  acetylene 
dicarboxylic  ester  is  digested  with  sulphuric  acid.  When  boiled  with 
alkalies  it  breaks  down  into  alcohol  and  oxalic  and  acetic  acids  {add 
decomposition).  Boiling  H^Of  causes  it  to  undergo  the  ketone  de- 
composition (p.  369)  whereby  CO, and  pyroracemic acid  (CH, .  CO.- 
CO,H)  are  produced.  Heated  at  the  ordinary  pressure  it  loses  CO 
and  passes  into  malonic  ester  {carbon  monoxide  decomposition),  Pyro- 
racemic ester  is  a  by-product  (B.  28,  811) : 

COjCjHj .  CO  j  CH, .  CO,C,H5— Acid  decomposition, 

CO,C,H,COCH,  I  COjCjHj      —Ketone  decomposition, 

CO, .  CjH^  :  CO  :  CH,CO,C,H^ — Carbon  monoxide  decomposition. 

It  yields  the  esters  of  inactive  malic  acid  by  reduction  (B.  24,  3416). 
Ferric  chloride  imparts  a  deep  red  color  to  the  solution  of  the  ester. 
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It  condenses  with  acetonitrile  (B.  25,  R.  175)  and  with  acetanilide 
(B.  24,  1245).     Oxalacetic  ester  and  hydroquinone  condense  under 
the  influence  of  sulphuric  acid  to  m-oxycoumarine  carboxylic  ester  (B. 
28,  R.  115). 
Oxalacetic  ester  is  both  an  a-  and  a  ^-ketonic  ester. 

Unsym.  Dietbozysuccinic  Ester,  CO,C,H^ .  C(OC,H5), .  CH, .  CO,C|Hp  b 
formed  together  with  ethoxyfiimaric  ester  (p.  495)  both  from  ordinary  dibrom- 
succinic  ester  and  acetone  dicarboxylic  ester  l^  the  action  of  sodium  ethylate.  The 
resulting  duthoxysuccinic  acid,  when  allowed  to  stand  under  greatly  reduced  pres- 
sure or  when  heated  to  100^,  loses  ether  and  becomes  oxalacetic  add  (B.  39,  1792). 

CO .  CO,C,H. 
Methyl  Oxalftcetic  Ester,   1     ,  *  •  is  obtained  from  the  esters  of 

CH(CH,) .  CO,C,H. 

CX).CO 
oxalic  and  propionic  acids.   Methyl  Oxalacetic  Anil,  1       /^^^^  .  C^H^f  melt- 

Crii .  CH  .  CO 

ing  at  191-192^,  is  formed  from  oxalic  ester  and  propionanilide  (6.  04,  1256). 

£t/iyl  Oxalacetic  Ester,  CO,C,H^.  CO.CH(C,H5)CO,C,H,  (B.  ao,  3394). 

Nitrogen  Derivatives  of  Oxalacetic  Acid  (6.  24,  1198).  Ammonia  and  ozal- 
acetic  ester  combine  to  a  body  which  has  one  of  the  following  formulas :  CO|C,H«  .• 
C(OH)NH, .  CH, .  COjCjHg  or  CO, .  C,Hj .  C(ONH J  :  CH  .  CO,C,Hj  (B.  a8,  78«), 
see  ethoxyfumaric  acid,  p.  495.  Oximes  :  p-Oximidosuccinic  Ethyl  Ester,  melting  at 
54^,  results  from  the  oxime  of  oxalacetic  ester.  a-Oximidosuccinic  Ethyl  Ester  Acid, 
melting  at  107°,  is  produced  when  water  acts  upon  diisonitrososuccinyl  succinic  ester. 
Both  bodies,  when  heated  with  water,  yield  CO,  and  a-oximidopropionic  acid, 
CH,C:  N(OH)CO,C,H..  Hence,  both  ester  acids  are  given  the  structural  formula, 
CO,H .  CH,C  :  N(OH)CO,C,H5,  and  it  is  assumed  that  they  are  stereo-isomerides 
(B.  34,  1204).  OximidosucHnic  Ester,  CO.CjHj .  C  :  N(OH)CH, .  COjCjH^,  U  a 
colorless  oil  (B.  ai,  R.  351).     Compare  aspartic  acid  and  asparagine,  pp.  4S9,  490. 

Phenylhydrazine  adds  itself  to  oxalacetic  ester  just  the  same  as  ammonia.  The 
addition  product,  melting  at  105^,  is  either  a  phenylammonium  salt  of  oxyfumaric 
acid,  or  it  is  a  compound  similar  to  aldehyde  ammonia.     It  readily  passes  into  the 

phenylhydrazoneoxalacetic ester, ZJA^^,'t!k\Q<:^^^^^^^^^,  melting  at  77**. 

The  reaction  products  of  hydrazine  and  phenylhydrazine  upon  oxalacetic  ester  are  the 
lactcaams  (p.  363)  or  pyrazolon  derivatives  (A.  246,  320;  B.  25,  3442),  e.g.  : 

CO  .  CO,C,H5      NHjNHt       NH .  N  =  C .  CO,C,H^ 

CH, .  COjCjHj  CO CH, 

Pyrazolon  Carboxylic  Ester. 

Phenylhydrazone-oxalacetic  ester  is  also  formed  from  acetylene  dicarboxylic  ester 
and  phenylhydrazine  (B.  26,  1721). 

Oximidocyanpyroracemic  Ester,  CN .  CH, .  C  =  N(OH)CO,C,Hj,  melts  at  104® 

(B.  26,  R.  375). 

N O 

Ammonium   Isoxazolonhydroxamate^  NH,HO\       I  I    ,  decomposes  at 

HON^C.C.CHj.CO 

156-160^.     It  is  produced  in  the  action  of  hydroxylamine  and  ammonia  npon  oxal- 
acetic ester.     See  also  cyanoximidoacetic  acid,  p.  498.     Alkali  changes  it  to 

N:C.CH,  .CO,H  .   .        ^     . 

Oxyfurazan-acetic  Acid,  0<        1  ,  consisting  of  prisms,  decompos- 

ing at  158^.     Potassium  permanganate  oxidizes  it  to  oxyfurazan  carboxylic  scid 
(B.  28,  761). 
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Diazosuccinic  Esters  are  formed  when  sodium  nitrite  acts  upon  the  hydrochlo- 
rides of  aspartic  esters.  The  crude,  yellow-colored,  easily  decomposable  esters,  when 
boiled  with  water,  pass  into  fumaric  esters.  They  revert  to  aspartic  esters  on  reduc- 
tion. 

Met  Ay/  DiaMsucdnamic  Ester,  CO,  .  CH,  .  CN, .  CH,  .CONH,,  melting  at  84®, 
is  iormtd  when  ammonia  acts  upon  methyl  diazosuccinic  ester  (B.  19,  2460 ;  29,  763). 

Acetosuccinic  esters  and  alkylic  acetosuccinic  esters  are  produced 
when  sodium  acetoacetic  esters  and  their  monoalkylic  derivatives  are 
acted  upon  by  esters  of  the  a-monohalogen  fatty  acids. 

.  .    „         CH,.CO.CH.CO,C,H.  . 
Aceto-SQCcinic  Ester,  j  ,  is  prepared  from  acetoacetic 

CH,.  CO,C,H. 

ester  and  chloracetic  ester.     It  boils  at  254-260°.    Tne  hydrogen  atom  of  the  CH- 

group,  in  the  esters,  can  be  replaced  by  alkyls,  e.g.,  by  methyl : 

w    ,.  ,  .  .  .    «  CH, .  CO .  C(CH,) .  CO,C,H.  .    ^ 

a-Methyl  Aceto-succinic  Ester,  I  ,  is  formed  from 

CH, .  COjCjHj 

methyl  acetoacetic  ester  and  chloracetic  ester.     It  boils  at  263°. 

«..    ^  ,  .   .    «  CH, .  CO .  CH .  CO,C,H. 

p-Methyl  Aceto-succimc  Ester,  1  »  from  aceto- 

CH{CH,) .  CO,C,H, 
acetic  ester  and  a-brom-propionic  ester,  boils  at  263°. 

By  the  acid  decomposition  these  esters  break  down  into  acetic  acid  and  succinic 
acid  or  alkylic  succinic  acids  (pp.  443,  444) ;  by  the  ketone  decomposition  the  pro- 
ducts are  CO,  and  y-ketonic  acids  (p.  379).  Ammonia  and  primary  amines  convert 
the  acetosuccinic  esters  into  j'-amidodicarbonic  acids,  which  readily  part  with  alcohol 
and  become  y-lactams  (A.  260,  137).  Acetosuccinic  ester  and  ammonia  yield: 
a-amino-ethidene  succinic  ester  (p.  495)  and  a-amino-ethidene  succinimide.     Hydro- 

CHj.CO.CH.CO 
chloric  acid  converts  the  latter  into  ocetMucanimute,  1  >NH, 

CH,.CO 
melting  at  84-870  (C.  1897, 1,  283). 

Nitrous  acid  converts  acetosuccinic  ester,  with  the  alcohol  and  carbonic  acid  de- 
compositions, into  isonitrosolsevulinic  acid  (compare  isonitroso  acetone,  p.  326) : 

CO,C,H,  NO.  OH 

^       ^,r       r^rr       X.r     r^r.     r^rr  —^T^: MZO.H  .  CH,  .  C  =  N(OH)  .  CO  .  CH,. 

COj.CjHj.CHj.CH.CO.CH,    H,0  '  ^  ^       '  • 
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a-Oxoglutaric  Acid  is  not  known,  and  the  body  formerly  considered  as  such  is 
ozymethylene  succinic  ester  (p.  495).  Cyan-oximuiohttyru  Acid,  CO,H .  CH, .  - 
CH, .  C  =  (NOH)CN,  melting  at  %^^,  is  a  derivative  of  o-oxoglutaric  acid.  It  is 
formed  when  cold  sodium  hydroxide  acts  upon  furcaan  propUnic  acid  (p.  483). 
When  it  is  boiled  with  sodium  hydroxide  a-  Oximidoglutaric  Acid,  CO,H .  CH, .  - 
CH,C  =  N(OH)CO,H,  melting  at  X52<»,  is  the  product  (A.  a6o,  106). 

Acetone  Dicarboxylic  Acid,  /9-keto-  or  j9-oxoglutaric  acid, 
CO(CH,CO,H)„  melts  at  about  130^,  and  decomposes  into  CO,  and 
acetone.  It  may  be  obtained  by  warming  citric  acid  with  concen- 
trated sulphuric  acid  (v.  Pechmann,  B.  17,  2542;  x8»  R.  468;  A. 
378,  63). 

Acetone  dicarboxylic  acid  dissolves  readily  in  water  and  ether.    The 
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same  alteration  which  takes  place  on  heating  the  acid  alone  occurs 
on  boiling  it  with  water,  acids,  or  alkalies.  The  solutions  of  the  acid 
are  colored  violet  by  ferric  chloride.  Hydrogen  reduces  the  acid  to 
j9-oxyglutaric  acid  (p.  494). 

PCL  conTerts  the  acid  iDto  ^•chlorglotaoooic  add. 

H  jrarozylamine  changes  it  to  oximidoacetimt  dicarhoxylU  acid,  CO,H .  CH, .  • 

C(NOH)CH,CO,H  -f  H,0,  melting  at  53-54®.     In  the  anhydrous  state  it  melts  at 

89^  (B.  23,  3762).     Nitrous  acid  converts  acetone  dicarbozylic  acid  into  diisooitroso- 

acetone  (p.  479)  and  CO,  (B.  19, 2466 ;  ai,  2998).    The  acid  is  condensed  by  acetic 

CH,.  CX).  CH .  CX). C. CO,H 

anhydride  to  dekydracetcarhoxylic  add,  I  JL^tt       (^  *73»  \W^. 

CO  — O  ^-CCHg 

The  salts  break  down  into  acetone  and  carbonates. 

Eitert :  Dimethyl  Ester  boils  at  128*'  (12  mm.].     The  diethyl  ester  boSs  at  138® 

(12  mm.)  (B.  23,  3762;  24,  4095).     The  fonr  H-atoms  of  the  two  CH^-groaps  in 

it  can  be  successively  replaced  by  alkyls  (B.  18,  2289),  and  they  also  readily  condense 

with  aldehydes  (B.  29,  994 ;  R.  93).     Ammonia  and  the  diethyl  ester  combine  to 

form  ^xyamidoglutaminic  ester,  which  condenses  further  to  glutasine  (see  this) — a 

trioxypjrridine  derivative  (B.  19,  2694).    Alcoholic  ammonia  produces  B-amidogluta- 

amie  ester  (B.  23,  3762).     Nitrous  acid  converts  the  ethyl  ester  into  the  oximido* 

compound,  QOf^JZ :  N(OH}CO .  CH, .  CO,C,Hft,  which  then  passes  into  axyisaxa- 

toledicarboxylic  ester,  CO,.C,H,.C  ==  (N(l))C(OH);C.  CO,C,Ht  (B.  24,  857). 

Fuming  nitric  acid  changes  it  to  the  peroxide,  CO, .  C,H, .  C :  N(0)CH,.C:  N(0} .  - 
CO,C,H,  (B.  26,  997).  The  phenylhydrazones  of  the  acid  and  01  the  ester  readily 
change  to  a  corresponding  laetoMam — a  /^OM/Mf— derivative, 

^"•^<co .  iH, 

(B.  24,  3253). 

Acetyl-n-glutaric  Acids  are  produced  by  the  action  of  /9-iodo- 
propionic  ester  upon  the  sodium  derivatives  of  acetoacetic  ester  and 

alkylic  acetoacetic  esters : 

CO,C,H, 
a^Acetglutaric  Ester,  cH, .  CO(iH .  CH. .  CH. .  CO. .  C.H.'  "^^^  *'  ^^i" 

272**. 

CO. .  C.H4 

a^Ethyl^a-Acetglutaric  Ester,  ^^^^  ^^  d(C,H,)CH. .  CH. .  CO.C.H.>  ^^ 

composes  when  it  is  distilled.     By  the  elimination  of  carbon  dioxide 

the  free  acids  change  into  the  corresponding  d-ketonic  acids  (p.  383) 

(A.  268,  113). 

/S-Acet-glutaric  Acid,  CH, .  CO .  CH[CH, .  CO,H]„  melting  at 

CH. .  COO 


CH.C. 


47-50®,  is  obtained  from  its  ketthdilactone,   CH.C.CH,,  melting  at 

CH, .  COO 
102°  and  boiling  at  205°  (12  mm.),  by  prolonged  boiling  with  water. 
The  ketodilactone  is  produced  on  decomposing  j9-acettricarballylic 
ester  with  boiling  hydrochloric  acid  (A.  295,  94). 
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Acetonc-dlacctic  Acid,  IfydrochfUdonic  Acid,CO<:^^ '  ^^  [  ^*^ ,  tevulin- 

•ccdc    acid,    HOC<^2«^^^«^2'  ^°^  ^^'^^  "^  becomes  the   y-dilactonc, 
C,H,0,: 

CO O    O CO  ' 

This  is  fonned  when  succinic  acid  is  boiled  for  some  time : 

2C^H,04  =  C^HgO^  +  CO,  +  2H,0. 

It  melts  at  75®,  and  distils  without  decomposition  under  redttced  pressure.  Boil- 
ing water,  or,  better,  boiling  alkalies  cause  it  to  become  acetone  diacelic  acid^  by 
absorption  of  water.  This  acid  is  identical  with  propion-dicarboxylic  acid^  and  hydro- 
ehelidomc  acid.  The  first  is  obtained  by  the  action  of  HCI  upon  furfur-acrylic  acid, 
and  the  latter  by  the  reduction  of  chelidonic  acid. 

Acetone-diacetic  acid  melts  at  143^.  Acetyl  chloride  or  acetic  anhydride  will 
again  convert  it  into  the  7-dilactone.  Hydroxylamine  changes  it  to  the  oxime^ 
C(N.  OH)(C,H4.  CO,H)„  melting  at  129°  with  decomposition.  Its  phenylkydra- 
tone,  C(N,H  .  C,H,)(C,H4.  CO,H)„  melts  at  toy®  (A.  267,  48). 

Phoronic  Acid,  <^<ch' '  c|cH*]'  Co'h  ^^'  ™el^»ng  ^  "^"^^  "  obtained 
from  the  dihydrochloride  addition  product  of  phorone  (p.  221),  by  its  successive 
treatment  with  potassium  cyanide  and  hydrochloric  acid  (B.  26, 1173)*  The  corre- 
sponding y-dilactone  melts  at  134^  (A.  247,  no). 


THE  URIC  ACID  GROUP. 

Uric  acid  is  a  compound  of  two  cyclic  urea  residues  combined  with 

HN  —  CO 

a  nucleus  of  three  carbon  atoms :  OC      C  —  NH  By  its  oxida- 

I       U  >co. 

HN  —  C  —  NH 

tion  the  so-called  ureides.  of  two  dicarboxylic  acids — oxalic  acid  and 

mesoxalic  acid — were  made  known.   The  ureide  of  a  dicarboxylic  acid 

is  a  compound  of  an  acid  radical  with  the  residue,  NH  .  CO .  NH  \e.g.y 

CO  — NH 

L^  ___  jjTj^CO  =  ureide  of  oxalic  acid,  oxalyl  urea,  parabanic  acid. 

They  are  closely  related  to  the  imides  of  dibasic  acids,  succinimide 
(p.  448),  and  phthalimide,  and  parabanic  acid  may,  for  example,  be 
regarded  as  a  mixed  cyclic  imide  of  oxalic  and  carbonic  acids.  Like 
the  imides,  they  possess  the  nature  of  an  acid,  and  form  salts  by  the 
replacement  of  the  imide  hydrogen  with  metals.  The  imides  of  dibasic 
acids  are  converted  by  alkalies  and  alkaline  earths  into  amino- acid 
salts,  which  split  off  ammonia  and  become  salts  of  dibasic  acids. 
Under  similar  conditions  the  ureide  ring  is  ruptured.     At  first  a  so- 
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called  ur-Mcid  is  produced,  which  finally  breaks  down  into  urea  and  a 
dibasic  acid : 

CHjCO  CHL .  CONH,  CH, .  COOH 

1^        >NH >.l^  ^1/  -i-NH, 

CHj.CO  CIL.COOH  CHj.COOH^    ^ 

StKcittimide  SncctMOiiic  Add  Succinic  Add. 

CO— NH  CO.NH.CO  COOH     NH, 

<k)-NH>«> ^<!o,H       /iH. ^(!oOH+NH.>«>- 

Piumfaaaic  Ozalorlc  Oxalic  Urem. 

Add  Acid  Add 

The  names  of  a  series  of  ureides  having  an  acid  character  end  in 
''uric  acids," — e.^.,  barbituric  acid,  violuric  acid,  dilituric  acid. 
These  names  were  constructed  before  the  definition  of  the  ur-acids 
given  above,  and  it  would  be  better  to  abandon  them  and  use  the 
ure!de  names  exclusively, — e.^.,  malonyl  urea,  oximidomesozalyl  urea, 
nitromalonyl  urea,  etc. 

It  is  the  purpose  to  discuss  the  urea  derivatives  of  aldehydo-  and 
keton-carboxylic  acids,  of  glyoxalic  acid  and  acetoacetic  acid  in 
connection  with  the  ureides  and  "ur"  acids  of  the  dicarboxylic 
acids.  These  are  allantoin  and  methyl  uracil.  The  first  can  also  be 
prepared  from  uric  acid,  while  the  methyl  uracil  constitutes  the  start- 
ing-out material  for  the  synthesis  of  uric  acid. 

Xanthine,  theobromine,  theophylline,  thelne  or  caffeine,  and 
guanine,  hypoxanthine,  adenine,  etc.,  are  related  to  uric  acid. 


or  Carbamides  of  Aldehyd-  and  Keto-mono-car- 
boxylic  Acids. 

These  bodies  ally  themselves  with  the  ureides  of  the  oxyacids, 

hydantoln,  and  hydantoic  acid,  which  have  already  been  discussed 

(p.  401). 

NH    CH   OH 
Qlyoaorl  Urea  and  AlUntoric  Acid,  C0<       '  I      '        (?),  and 

H .  CO .  NH,  NH— CH— NH 

(}0^NH>~<'>'""*""^""*^'^<NH.  c!o-NH>~'"~"- 
of  glyoxylic  add. 

AUantotn  b  present  in  the  urine  of  sacking  calces,  in  tbe  allantoic  Hqnid  of 
cows,  and  in  hnman  nrine  after  the  ingestion  of  tannic  acid.  It  has  also  been 
detected  in  beet-juice  (B.  29,  2652).  It  is  produced  artifidally  on  heating  glyoudic 
acid  (also  mesoxalic  acid,  CO(CO,H),)  with  urea  to  100°. 

AUantotn  is  formed  hj  oxidizing  uric  acid  with  PbO,,MnO,,  potasstum  feni- 
qranide,  or  with  alkaline  KMnO«  (B.  7,  227). 

AllantoTn  crjstallixes  in  glistening  prisms,  which  are  slightly  soluble  In  cdd 
water,  bat  readily  in  hot  water  and  in  alcohoL  It  has  a  neutral  reaction,  bat  dis- 
soWes  in  alkalies,  forming  salts. 

Sodium  amalgam  converts  allantoTn  into  glyco-uril,  or  acetylene  urea. 

\nanturic  acid  is  obtained  from  allantoin  on  warming  with  baryta  water  or  with 
,  and  by  the  oxidation  of  glyoolyl  urea  (hydantoln,  p.  401). 
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Gfyoxyi  urea,  stout  needles  dissolving  readily  in  water,  is  a  deoomposition  product 

of  oxanic  acid^  C^H^N^Of,  resulting  from  the  oxidation  of  uric  acid  (A.  175,  234). 

NH  .  C(  CH.) .  NH 
Pynivil,  C0<  j  >CO(?),  is  formed  when  pyroracemic  acid  and 

urea  are  heated  (A.  chim.  phjs.  [5]  11,  373)  together. 

Methyl  Uracyl,  ^^\^o  — -  nh/^^'  ^^  produced  when  urea  acts 

u]X)n  acetoacetic  ester.     It  is  the  starting-out  material  for  the  syn- 
thesis of  uric  acid.     To  convert  it  into  the  latter  it  is  first  changed 

into  derivatives  of  the  hypothetical  uracyl,  ^^\^q  ~  VH/^'    ^^"^" 
pare  synthesis  of  uric  acid,  p.  513  (A.  251,  235). 


URBIDBS  OR  CARBAMIDBS  OF  DICARBOXYLIC  ACIDS. 

The  most  important  members  of  this  class  are  parabanic  acid  and 
alloxan.  They  were  first  obtained  by  oxidizing  uric  acid  with  nitric 
acid.  These  cyclic  ureldes  by  moderated  action  of  alkalies  or  alkaline 
earths  are  hydrolyzed  and  become  **  ur  "-acids.  When  the  action  of 
the  alkalies  is  energetic,  the  products  are  urea  and  dicarboxylic  acids 

CO__NH  H,0         CO,H      NH,  h,0        C0,H       NH, 

i  >CO   >  JL  >CO  >•   I         4-         >CO. 

CO«.NH"^  Ba(OH),      CO NH'^  (KOH)       tOjH  ^  NH,^ 

Oxalyl  Urea  Oxalaric  Oxalic        Carbamide 

Parabanic  Acid  Acid  Acid  .  Urea. 

NH.CO 

Oxalyl  Urea,  co<        J,  ,  Parabanic  Acid,  is  produced  in  the 

NH .  CO 
oxidation  of  uric  acid  and  alloxan  with  ordinary  nitric  acid  (A.  182, 
74).     It  is  synthetically  prepared  by  the  action  of  POCig  upon  a  mix- 
ture of  urea  and  oxalic  acid.     It  is  soluble  in  water  and  alcohol,  but 
not  in  ether. 

Its  salt  are  onstable ;  water  conrerts  them  at  once  into  oxalurates.  SiWer  nitrate 
precipitates  the  crystalline  disUver  salt^  C,Ag,N,0,,  from  solutions  of  the  acid. 

Ozalylmethyl  Urea,  Methyl  Parabanic  Acid,  C,H(CH,)N,0„  is  formed  by 
boiling  methyl  uric  acid,  or  methyl  alloxan,  with  nitric  acid,  or  oy  treating  theo- 
bromine with  a  chromic  acid  mixture.     It  is  soluble  in  ether,  and  melts  at  149.5°* 

Ozalylditnethyl  Urea,  Dimethyl  Parabanic  Acid,  C,(CH,),N,0„  Choles- 
trophane,  is  obtained  from  dimethyl  alloxan  and  thelne  by  oxidation,  or  by  heating 
methyl  iodide  with  silver  parabanate.     It  melts  at  145®  and  distils  at  276^. 

Oxaluric  Acid,  C0<j^pj*  *   ,   results  from  the  action  of 

bromine  upon  parabanic  acid.     Free  oxaluric  acid  is  a  crystalline 
powder,  dissolving  with  difficulty.     When  boiled  with  alkalies  or 
water,  it  decomposes  into  urea  and  oxalic  acid ;  heated  to  200^  with 
POCl,,  it  is  again  changed  into  parabanic  acid. 
43 


5o6  ORGANIC  CHEMISTRY. 

The  ammtmium  sali^  Cfi^{J!iH^^fi^,  and  the  sUver  sait^  CgHgAgNjO^,  crystol- 
lixe  in  glistening  needles. 

The  ethyl  ttttr^  ^^•(QHft)^!^^*  ^  formed  by  the  action  of  ethyl  iodide  on  the 
siWer  salt,  and  has  been  synthetically  prepared  by  letting  ethyl  ozalyl  chloride  act 
upon  urea.    It  melts  at  177^. 

Oxaluramide,  CO<JJU  •  ^  •  ^O.  NH,.  q^^^i^^  -^  produced  on  heating  ethyl 

oxalurate  with  ammonia,  and  by  fusing  urea  with  ethyl  oxamate. 

NHCO 
0«lyl  Quanidine.  HN :  C<^^^^.  is  formed  fn>m  oxalic  ester  and  guanidine 

(B.  26,2552;  27,  R.64). 

Malonyl  Urea,  CO<j|^][| '  ^^>CH„  Barhituru  Acid,  U  obtained  from  allox- 

antin  by  heating  it  with  concentrated  sulphuric  add,  and  from  dibrombarbituric 
acid  by  the  action  of  sodium  amalgam.  It  may  also  be  synthetically  obtained  by 
heating  malonic  acid  and  urea  to  loo^  with  POCl,.  It  crystallizes  with  two  mole- 
cules of  water  in  large  prisms  from  a  hot  solution,  and  when  boiled  with  alkalies  is 
decomposed  into  malonic  acid  and  urea. 

The  hydrogen  of  CH,  in  malonyl  urea  can  be  readily  replaced  by  bromine,  NO,, 
and  the  isonitroso-group.  The  metals  in  its  salts  are  joined  to  carbon,  and  may  be 
replaced  by  alkyls  (B.  14,  1643;  15,  2846). 

When  siWer  nitrate  is  added  to  an  ammoniacal  solution  of  barbituric  acid,  a 
white  silver  salt,  C4H,Ag,N,0|,  is  precipitated.     Methyl  iodide  converts  this  into 

a-Dimethylbarbituric   Acid,    CO<^JJ  *  ^q>C(CH,),.       This    fonns   shining 

laminn,  does  not  melt  at  200°,  and  sublimes  readily.  Boiling  alkalies  decompose 
it  into  CO,,  NH„  and  dimethyl  malonic  acid.  Its  isomeride,  /^Dimethyl  Bar- 
bituric Acid,  C0<  JJI^  JJ»)  •  ^^>CH„  is  produced  from  malonic  acid  and  dimethyl 

urea  through  the  agency  of  POCl,,  or  by  the  reduction  of  dichlormalonyl  dimethyl 
urea  (B.  27,  3084).     It  melts  at  123^ 

NH    CO 

Malonyl  Guanidine,  ^^  ^  ^<nh  !  CO^^^**  ^^^^  malonic  ester 
and  guanidine  (B.  26,  2553),  affords  derivatives  analogous  to  those 
of  malonyl  urea,  e,  g,^  isonitrosomalany  I  guanidine  y 

NH: C<^pj •  Q(y>^'^ .  OH,  which  hydrogen  sulphide  reduces  to  amido- 

malonyl  guanidine ,  NH:  C<nh.CO^^^*  ^^«*  Potassium  cyanate 
converts  the  latter  into  imidopseudo-uric  acid^  carbamidomalonyl 
guanidine,  NH :  C<JJ[J ;  ^o>CH .  NH .  CO .  NH,. 

Tartronyl  Urea,  CO<^[J '  co>^^  *  ^^»  i^u^luHc  Acid,  is  formed  by  the 

reduction  of  mesoxalyl  urea  (alloxan)  with  zinc  and  hydrochloric  acid,  and  from 
dibrombarbituric  acid  by  the  action  of  hydrogen  sulphide.  On  adding  hydrocyanic 
acid  and  potassium  carbonate  to  an  aqueous  solution  of  alloxan,  potassium  dialurate 
separates  but  potassium  oxaluiate  remains  dissolved : 

2C^H,N,04  -h  2KOH  =  C^H,KN,04  +  C,H,KN,0^  -f  CO, 

Potassium  Dialurate    Potassium  Ozalurate. 

Dialuric  acid  crystallizes  in  needles  or  prisms,  shows  a  very  acid  reaction,  and  forms 
ilts  with   z  and  2  equivalents  of  the  metals.     It  becomes  red  in  color  in  the  air. 
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absorbs  oxygen  and  passes  over  into  alloxantin,  2C  fl^Nfi^  -)-  O  =  C^K^'Sfi^  -}- 
2H,0. 

Tartronyl  Dimethyl  Urea,  C0<5J|^|J»|  *  ^q>CH  .  OH,  melts  at  about  lyo® 

with  decomposition  (B.  27,  3082). 

Nitromalonyl  Urea,  Nitrobarbituric  Acid,  Dilituric  Acid : 

CO<JJJ{^g>CHNO„ 

is  obtained  by  the  action  of  faming  nitric  acid  upon  barbituric  acid  and  by  the  oxidation 
of  violuric  acid  (B.  16,  1x35).  It  crjrstallizes  with  three  molecules  of  water  and  can 
exchange  three  hydrogen  atoms  for  metals.  Nitromalonyl  Dimethyl  Urea  melts  at 
1480  (B.  28,  R.  321). 

Amidomalonyl    Urea,    Amidobarbituric     Acid,    C0<^^  *  ^q>CHNH, 

(Uramil.  Dialuramide,  Murexan),  is  obtained  in  the  reduction  of  nitro-  and  isonitroso- 
barbtturic  acid  with  hydriodic  acid ;  by  boiling  thionuric  acid  with  water,  and  by 
boiling  alloxantin  with  an  ammonium  chloride  solution.  Alloxan  remains  in  solution, 
while  uramil  crystallizes  out.  It  is  only  slightly  soluble  in  water,  and  crystallizes  in 
colorless,  shining  needles,  which  redden  on  exposure.  Murexide  (p.  510)  is  pro- 
duced when  the  solution  is  boiled  with  ammonia.  Nitrous  acid  converts  uramil  into 
alloxan. 

Methyl  Uramils. — In  order  to  indicate  the  positions  of  the  methyl  groups,  the 
uramil  carbon  and  nitrogen  atoms  are  marked  with  the  numbers  i  to  7,  according  to 
the  following  diagram,  which  shows  the  numbering  of  the  uric  acid  nucleus  (p.  511) : 

X        6 

3         4 

i,yDimethyl  Uramil,  CH<^|^J^»| '  ^q>CH  .  NH,,  melts  with  decomposi- 
tion at  200^.  It  is  produced  when  hydrochloric  acid  acts  upon  ammonium  dimethyl 
thionurate,  CO[N(CH,)CO], .  CH  .  NH  .  SO.NH^  -f-  2H,0— the  product  resulting 
from  the  action  of  ammonia,  sulphur  dioxide,  and  ammonium  carbonate  upon  a  solu- 
tion of  dimethyl  alloxan  (B.  27,  3088). 

l.yj-rrimethyl  Uramil,  CO<^|^|J»)  *  co>^^-  ^^ '  ^"«'  decomposes  when 

rapidly  heated  at  200°.     It  is  formed  from  dimethyl  alloxan  by  the  action  of  methyl- 
amine  sulphite,  and  then  hydrochloric  acid  (B.  30,  564). 
Axnidomalonyl  Quanidine,  see  Methyl  Guanidine,  p.  506. 

Pseudouric  Acid,  Carbamidomalonyl  6V^tf,CO<  j^u  '  /^q>CHNH  .  CONH,. 

Uramil  and  urea  heated  to  180°  yield  the  ammonium  salt  of  this  acid.  The  potassium 
salt  is  obtained  from  uramil  or  from  murexide  and  potassium  cyanate. 

Methyl  PBeudooric  Acids  are  obtained  from  the  corresponding  methyl  uramils, 
which  for  this  purpose  need  not  be  isolated,  when  they  are  treated  with  potassium 
cyanate.  When  heated  to  150^  with  fusing  oxalic  acid,  or  when  boiled  with  hydro- 
chloric acid,  they  lose  water,  and  yield  the  corresponding  uric  acids.  In  this  manner 
the  following  bodies  have  been  prepared : 

T-MoHomethyl  Pseudo-uric  Acid,  l.yDimethylpseudo-uric  Acid,  l.^^T-Trimethyl 
Pseudo-uric  Acid  (B.  30,  559),  2-Imidopseudo-uric  Acid,  Carbamidomalonyl  Guani- 
dine, p.  506. 

Thioaramil,  CO<JJ|J ' ^^^^]^C.  NH„  results  when  a  solution  of  potassium 

urate  is  heated  with  ammonium  su^bide  to  155-160^  (B.  28,  R.  909;  A.  288,  157). 
It  is  a  strong  acid.     Its  solution  imparts  an  orange  color  to  a  pine  chip.     It  gives  the 
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mnrexide  test  (p.  510).    Nitric  acid  oxidizes  it  to  solphnric  add  and  allggaii. 
Thiodimcthyl  UramU,  CO<JJ(^"»|-^")>NH„  jSThiopBeudonric   Acid 

^^"^NH   CO^^/^'^^^^'^^'  *•  obtained  from  thiouranul  and  potasiinm 
cyanate  (A.  a88,  171). 

Alloxan,  Mesoxalyl  Urea,  CO<JJg;^c<gg  +  3H,o,  is  pro- 
duced by  the  careful  oxidation  of  uric  acid,  or  alloxantin  with  nitric 
acid,  chlorine,  or  bromine.  Alloxan  crystallizes  from  warm  water  in 
long,  shining,  rhombic  prisms,  with  4  molecules  of  H,0.  When 
exposed  to  the  air  they  effloresce  with  separation  of  3H,0.  The  last 
molecule  of  water  is  intimately  combined  (p.  497),  as  in  mesoxalic 
acid,  and  does  not  escape  until  heated  to  150^. 

Alloxan  b  easily  soluble  in  water,  has  a  rery  acid  reaction,  and  possesses  a  dis- 
agreeable taste.  The  solution  placed  00  the  skin  slowly  stains  it  a  purple  red. 
Ferrous  salts  impart  a  deep  indigo  blue  color  to  the  solution.  When  hydrocyanic 
acid  and  ammonia  are  adaed  to  the  ar]ueous  solution,  the  alloxan  decomposes  into 
CO,,  dialuric  acid,  and  oxaluramide  (p.  506),  which  separates  as  a  white  precipitate 
(reaction  for  detection  of  alloxan). 

Alloxan  is  the  starting-point  for  the  preparation  of  numerous  transposition  products 
(Baeyer,  A.  127,  i,  199;  130,  129),  which  have  in  part  aheady  received  mention, 
and  some  of  which  will  be  discussed  after  alloxan.  These  genetic  relationships  are 
expressed  in  the  following  diagram : 

CO< JJg:88  >CO  -^  CO<5}{J;gg>C-^<C3:NH>CO  (7) 
(a)       Alloxan  \  (9)    (3)  Ailozaotin 


co<iJS:88>cH.oH\  y  co<jjg:gg>cH^  co<5}||;C8>chno. 

Dialuric  Acid  *V    (s)   Barbituric  Acid  (8)  <f>    Diltturic  Acid 


NH.CO 


t 


(«) 


^^^UH.ho  ^  CO<5}{J;g8>C :  N.OH>  CO<NH;CO>cHNH, 

Parabanic  Acid  Viol  uric  Acid  ^''  Uramil. 

(i)  Reducing  agents,  e.  g.^  hydriodic  acid  (SnCl,,  H,S,  Zn  and  hydrochloric 
acia),  convert  alloxan  in  the  cold  into  aUoxantin  (p.  509);  (2)  on  wanning,  into 
dtalurif  acid  (p.  506).  (3)  Alloxantin  digested  with  concentrated  sulphuric  acid 
becomes  barbituric  acid  (p.  506)  ;  (4)  fuming  nitric  acid  changes  it  to  diliittric  acid; 
(5)  and  with  potassium  nitrite  it  yields  vioiuric  acid.  (6)  (7)  Uramil  results  from  the 
reduction  of  dilituric  acid  and  vioiuric  acid.  (8)  Dilituric  acid  is  formed  when 
vioiuric  acid  is  oxidized.  (9)  Hydroxylamine  converts  alloxan  into  its  oxime — 
vioiuric  acid.  (10)  Boiling  dilute  nitric  acid  oxidises  alloxan  to  parabanic  acid  and 
CO,. 

The  primary  alkali  sulphites  unite  with  alloxan  just  as  they  do  with  mesoxalic 
acid,  and  we  can  obtain  crystalline  compounds,  e.  ^.,  C^H.NsO^.  SO|KH  4-  H,0. 
Pure  alloxan  can  be  preserved  without  undergoing  decomposition,  but  in  the  presence 
of  even  minute  quantities  of  nitric  acid  it  is  converted  into  alloxantin.  Alkalies,  lime 
or  baryta  water  change  it  to  alloxanic  acid,  even  when  acting  in  the  cold.  Its 
aq'ieous  solution  undergoes  a  gradual  decomposition  (more  rapid  on  heating)  into 
alloxantin,  parabanic  acid,  and  CO,.  For  the  action  of  o-diamines  upon  alloxan,  see 
B.  26,  540 ;  for  that  of  pyrazolon  derivatives,  see  A.  255,  230. 

Methyl  Alloxan,  C0<^^^»)  ""  ^q>CO,  U  produced  by  the  oxidaUon  of 

yl  uric  add. 
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Dimethyl  Allozftn,  ^0<[i^>pu'{  ^  CO'^^^'    '^    produced    when    aqueous 

chlorine  (hydrochloric  acid  and  KCIO,)  acts  on  thelne,  and  by  the  careful  oxidation 
of  tetramethyl  alloxantin  (B.  27,  3082).  When  it  is  boiled  with  nitric  add,  methyl  and 
dimetbylparabanic  acids  are  formed. 

Dibrommalonyl    Urea,    Dibram^rbiiurU  Acid,   CO<JJg^Q>CBr,,  results 

when  bromine  acts  upon  barbituric  acid,  nitro-,  amido-  and  isonitroso-barbituric 
acids. 

OzimidomeBozalyl  Urea,  Isoniirosabarbituric  Acid,  Violuric  Acid, 

CO<NHCO>C  =  '^O"' 
the  oxime  of  alloxan,  the  first  known  *<ketoxime,*'  is  obtained  by  the  action  of 
potassium  nitrite  on  barbituric  acid,  and  of  hydroxylamine  upon  alloxan.  It  unites 
with  metals  to  form  blue,  violet,  or  yellow  colored  salts.  When  heated  with  the 
alkalies,  it  breaks  down  into  urea  and  isonitrosomalonic  acid  (p.  498).  Oximido- 
mesoxalyl  Dimethyl  Urea  melts  at  141^  (B.  28,  3142 ;  R.  912). 

Alloxan  phenylhydratone  melts  with  decomposition  at  295-300^  (B.  84,  4140). 

Alloxan  semicarbazidi  decomposes  at  260^  (B.  30,  131). 

Thionuric  Acid,  CO<JJ"  '  CO^^^S(?k'  sulphamidobarbituric  acid,  is  ob- 
tained by  heating  isonitrosobarbituric  acid  or  alloxan  with  ammonium  sulphite.  Di- 
methyl Thumuric  Acid,  see  B.  27,  3086. 

AUoxanic  Acid,  CO< JJ JJ  •  CO  .  CO .  CO .  OH    j^.  y^^^^  ^^^^  ^  ^^^^^  ^^  ^ 

warm  solution  of  alloxan,  as  long  as  the  precipitate  which  forms  continues  to  dissolve, 
barium  alloxanate,  C^H^BaNjOj  -f-  4H9O,  will  separate  out  in  needles  when  the 
solution  cools.  To  obtain  the  free  acid,  decompose  the  barium  salt  with  sulphuric 
acid  and  evaporate  at  a  temperature  of  30-40^.  A  mass  of  crystals  is  obtained  by 
this  means.  Water  dissolves  them  easily.  Alloxanic  acid  is  a  dibasic  acid,  inasmuch 
as  both  the  hydrogen  of  carboxyl  and  of  the  imide  group  can  be  exchanged  for  metals. 
When  the  salts  are  boiled  with  water,  they  decompose  into  urea  and  mesoxalates 

(P-  497). 

Diureides. — Parabanic  acid,  alloxan,  and  dimethyl  alloxan  are 
ureides.  Two  molecules  of  each  unite,  and  by  reduction  the  diureides 
result.  They  are  oxalantin,  alloxantin,  and  amalic  acid.  These 
probably  sustain  the  same  relation  to  the  simple  ureides  that  tetra- 
methyl ethylene  oxide  (p.  299),  the  anhydride  of  pinacone,  bears  to 
acetone. 

Ozftlantin,  CfiJ^fi^  Leueoturic  Acid,  is  obtained  by  the  reduction  of  para- 
banic acid. 

Alloxantin,  C0< JJj[J '  ^3>C^C<c8 !  NH>^^  +  3H,0  (? j,  is  obtained  by 

reducing  alloxan  with  SnCl,,  zinc  and  hydrochloric  acid,  or  H,S  in  the  cold ;  or  by 
mixing  solutions  of  alloxan  and  dialuric  acid.  It  can  also  be  obtained  from  convicin, 
a  substance  from  Vicia  Faba  minor  and  Vicia  saliva,  when  they  are  heated  with 
sulphuric  or  hydrochloric  acid  (B.  29,  2x06).  It  is  most  readily  prepared  by  warming 
uric  acid  with  dilute  nitric  acid  (A.  147,  367).  It  crystallizes  from  hot  Yifi  in  small, 
hard  prisms  with  3H,0  and  turns  red  in  air  containing  ammonia.  Its  solution  has  an 
acid  reaction ;  ferric  chloride  and  ammonia  give  it  a  deep  blue  color,  and  baryta 
water  produces  a  violet  precipitate,  which  on  boiling  is  converted  into  a  mixture  of 
barium  alloxanate  and  dialurate.  On  boiling  alloxantin  with  dilute  sulphuric  acid,  it 
changes  to  the  ammonium  salt  of  hydurilic  acid,  CgH^N^O^  -f~  2H,0.  It  combines 
with  cyanamide,  forming  isouric  acid  (B.  29,  2107}. 
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.  Tetramethyl  Allozantin,  C,(CH,)^N^Of,  Amalic  Acid,  is  formed  by  Che  actioa 
of  uiiric  aciil  or  chlorine  water  upon  theXiie,  or,  better,  by  the  reduction  of  dimethyl 
alloxan  (see  abore)  with  hydrogen  sulphide  (A.  215,  258).  Its  deportment  is  similar 
to  that  of  alloxan. 

Purpuric  Acid,  C.H^N}Of,  is  not  known  in  the  free  state,  because  as  soon  as  it 
is  liberated  from  its  salts  by  mineral  acids  it  immediately  decomposes  into  alloxan 
and  uramil.  The  ammonium  salt,  CJAJ^^H^^fi^  -|-  H,0,  is  the  dye-stuflf  micr- 
exide.  This  is  formed  by  heating  alloxantin  to  100^  in  ammonia  gas ;  by  mixing 
ammoniacal  solutions  of  alloxan  and  uramil ;  and  by  evaporating  uric  acid  with  dilute 
nitric  acid  and  pouring  ammonia  over  the  residue  (murexide  reaction). 

Murexide  separates  from  the  solution  on  cooling.  It  forms  four-sided  plates  or 
prisms  with  one  molecule  of  H,0,  and  has  a  gold-green  color.  It  dissolves  in 
water  with  a  purple-red  color,  but  is  insoluble  in  alcohol  and  ether.  It  dissolves 
with  a  dark  blue  color  in  potash  ;  on  boiling,  NH^  is  disengaged  and  the  solution 
decolorized. 

NH.C.NH 

Uric    Acid,    c,H.NPj,.CO  C-NH-^     »    is   a   white,    crystalline, 

NH-CO 
sandy  powder,  discovered  by  Scheele  in  1776  in  urinary  calculi.  It 
occurs  in  the  juice  of  the  muscles,  in  the  blood  and  in  the  urine, 
especially  of  the  carnivorse,  the  herbivorse  separating  hippuric  acid ; 
also,  in  the  excrements  of  birds,  reptiles  and  insects.  When  urine  is 
exposed  for  a  while  to  the  air,  uric  acid  separates ;  this  also  occuis  in 
the  organism  (formation  of  gravel  and  joint  concretions)  in  certain 
abnormal  conditions. 

History . — Liebig  and  WQhler  (1826)  showed  that  numerous  tran^Msition  products 
could  be  obtained  from  uric  acid.  Their  relationships  and  constitution  were  chiefly 
explained  by  Baeyer  in  1863  and  1864.  In  consequence  of  certain  experiments  of 
A.  Strecker,  Medicus  (1875)  proposed  the  structural  formula  given  above  for  the 
acid.  This  was  conclusively  proven  by  E.  Fischer  in  his  investigation  of  the  methy- 
lated uric  acids. 

The  results  derived  from  analysis  were  confirmed  by  the  synthesis 
made  in  1888  by  R.  Behrend  and  O.  Roosen.  They  proceeded  from 
acetoacetic  ester  and  urea  (p.  513).  Horbaczewski  (i 882-1 887)  had 
previously  made  syntheses  of  uric  acid  at  elevated  temperatures,  but 
obtained  poor  yields.  They  consisted  in  melting  together  glycocoll, 
trichlorlactamide,  etc.,  with  urea.  No  clue  as  to  the  constitution  of 
the  acid  could  be  deduced  from  these.  In  1895  ^*  Fischer  and  Lorenz 
Ach  showed  how  pseudouric  acid,  previously  synthesized  by  A.  Baeyer, 
could  by  fusion  with  oxalic  acid  be  converted  into  uric  acid. 

Preparation, — Uric  acid  is  best  prepared  from  guano  or  the  excrements  of  reptiles. 

Properties, — Uric  acid  is  a  shining,  white  powder.  It  is  odorless 
and  tasteless,  insoluble  in  alcohol  and  ether,  and  dissolves  with 
difficulty  in  water;  i  part  requires  15,000  parts  water  of  20**  for  its 
solution,  and  1800  parts  at  100®.  Its  solubility  is  increased  by  the 
presence  of  salts  like  sodium  phosphate  and  borate.  Water  precipi- 
tates it  from  its  solution  in  concentrated  sulphuric  acid.     On  evap- 
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orating  uric  acid  to  dryness  with  nitric  acid,  we  obtain  a  yellow 
residue,  which  assumes  a  purple-red  color  if  moistened  with  ammonia, 
or  violet  with  caustic  potash  or  soda  (murexide  reaction,  p.  510). 
Uric  acid  heated  with  ammonium  sulphide  changes  to  thiouramil 
(P-  507)-  Heat  decomposes  uric  acid  into  NHg,  CO],  urea,  and  cyan- 
uric  acid. 

Uric  acid  is  a  weak  dibasic  acid.  It  forms  primary  salts  with  the 
alkaline  carbonates.  The  secondary  alkali  salts  are  obtained  by 
dissolving  the  acid  in  the  hydroxides  of  potassium  and  sodium ;  they 
are  changed  to  the  primary  form  by  COt  and  water.  When  CO,  is 
conducted  through  the  alkaline  solution,  the  primary  salts  are  pre- 
cipitated. 

The  primary  sait^  C^HtKN^O,,  dissolves  in  800  parts  of  water  at  ao*'.  The 
primary  sodium  salt  is  more  insoluble.  Tht primary  ammonium  salt  is  a  sparingly 
soluble  powder.  The  lithium  salt  (Lipowitx)  is  much  more  soluble  (in  368  parts  of 
water  at  19^)  (A.  zaa,  241),  hence  lithium  mineral  waters  are  used  in  such  diseases 
where  there  is  an  excessive  secretion  of  uric  acid.  This  salt  is,  however,  greatly  sur- 
passed hj^^piperannesaU,  C^H^N^O, .  NH<^JJ« '  ^j[][«>NH  (Finielberg),  which 

dissolves  in  50  parts  of  water  at  17°  (B.  33,  3718).  The  lysidine  or  the  methyt- 
glyoxalidine  salt  (Ladenburg)  is  even  more  soluble  (one  part  in  6  parts  of  water ;  B. 
a7,  2952). 

Methyl  Uric  Acids. — ^The  four  hydrogen  atoms  in  uric  acid  can  be  replaced  by 
methyl.  In  all  methyl  uric  acids  the  methyl  groups  are  linked  to  nitrogen  ;  this  is  also 
the  case  with  tetramethyl  uric  acid,  and  in  conjunction  with  the  decompositions  and 

NH  — CO 

CO        C  —  NH 
synthesb  of  uric  acid,  argues  for  the  formula,   1  1  ^CO,  without,  how- 

NH  —  C  —  NH 

ever,  in  the  light  of  our  present  representations,  in  any  way  attaching  to  formulas 

such  as  follow,  or  any  like  them : 

N  =  C.OH 
HO.C       C—NHv 

N— C  — N   ^ 

To  indicate  the  position  of  the  methyl  groups  in  the  methyl  uric  acids  and  the  con- 
stitution of  other  bodies  containing  the  same  hetero-twin  ring,  E.  Fischer  suggested 
that  the  carbon  and  nitrogen  atoms  of  the  nucleus  contained  in  uric  acid  and  bodies 
related  to  it  be  numbered,  and  that  the  hydrogen  compound  of  the  nucleus,  C^N^H^, 
which  could  have  two  formulas,  should  be  called  ^*purin  ": 


I 
N- 

6 
—  C 

N  =  CH 

N  — CH 

ia 

si— As 

Hi      i  — NHv 

ni    i— N 

A- 

-<!:-N>^ 

H      1 

N— C— N 

^. 


Purin. 


Methyl  uric  acids  are  obtained  by  treating  urate  and  methyl  urate  of  lead  (also  the 
potassium  salts)  with  methyl  iodide.     The  corresponding  pseudouric  adds  (p.  $07) 
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ipUt  off  witcr  and  yield  then.  Three  mono-,  four  di-,  and  two  tri^methyl  niic  adds 
are  known  in  addition  to  tetramethyl  uric  add. 

^-Methyl  UrU  And  (^3)  is  fonned  together  with  I-  or  yMeikyl  Uric  Acid  (a)  when 
lead  orate  is  treated  with  methyl  iodide  in  ether  at  150-160®.  The  first  is  converted 
by  nitric  add  into  alloxan,  the  second  into  metbyl  alloxan.  When  heated  with  hydro- 
chloric add  both  pass  into  glycocoU.  l- Methyl  Uric  Acid  (y-)  is  obtained  from 
7-methyl  pseodonric  add  (p.  507). 

\.^<K  1.^ Dimethyl  Uric  Add  (a-)  is  made  from  basic  lead  nrate  and  methyl 
iodide.     f.^Dimethyl  Uric  Acid  {fi)  see  B.  17,  1780. 

x.yDiwuthyl  Uric  Acid  (/-)  b  obtained  from  1.3-dimethyI  pseodonric  acid 
(p.  507) ;  see  also  theophyllin  (p.  515).  '^,'i-Diwuthyl  Uric  Acid  (d)  is  formed 
from  7-methyl  one  add;  see  also  theobnomine  (p.  514).  yj.^-Trimcthyl  Uric 
Acid  (a-)  is  derived  from  7.9-dimethyl  one  add.  l.j.'j-Trimcthyl  Uric  Acid^ 
from  1.3.7-trimethyl  psendooric  acid  (a-),  is  identical  with  hydroxycaffein  (B.  30, 
567).  Tetramethyl  Uric  Acid  is  made  fxim  trimethyl  orate  of  potassiom  and  methyl 
iodide. 


OXIDATION  OP  URIC  ACID. 

Mesoxalyl  urea  or  alloxan  and  oxalyl  urea  or  parabanic  acid  are 
produced  when  uric  acid  is  oxidized  with  ordinary  nitric  acid.  When 
the  acid  is  carefully  oxidized  either  with  cold  nitric  acid  or  with 
potassium  chlorate  and  hydrochloric  acid,  it  yields  mesoxalyl  urea  and 
urea.  Allantoin  is  produced  when  potassium  permanganate,  or  iodine 
in  caustic  potash,  acts  upon  the  acid  (B.  27,  R.  902).  When  air  or 
potassium  permanganate  acts  upon  the  alkaline  solution  of  uric  acid 
(B.  ay,  R.  887 ;  ^,  R.  474),  uroxanic  acid,  Q^^Jd^y  is  produced ; 
this  the  alkali  changes  to  oxonic  acid^  CtH^NjOi.  These  are  two 
bodies  whose  constitution  has  not  yet  been  made  clear.  These  reac- 
tions suggest  the  following  diagram,  in  which  the  breaking-down  of 
alloxan  and  parabanic  acid  is  considered  : 


NH— C— NH    ^_ 

I        II         >co 

CO     C— NH 

Uric  Acid 

aH.N,0. 
Uroxanic  Add 


1 


NH— CX) 

io    io 


Allozaa 


NH— CO 

,  NH— CO 

I      Parabanic  Add 


C.H,N.O, 
Oxonic  Acid 

NH.CH.NH     ,^ 

\        >co 


io 


CO.NH 


NH— CO 

io    CO 

I  NH,  CO,H 
I      AUoxanic  Acid 

■^NH,  CO,H 

ho     CO 


\ 


NH— CO 

ho 


I  x^n,  CO,H 
I      Ozaloric  Acid 

'^NHj.COjH 

(!x)   I 

NH,  CO,H 

Ozalnric  Acid. 

One  of  the  two  isomeric  monoroethyl  uric  acids,  when  oxidized, 
yields  monomethyl  alloxan  and  urea,  the  other  alloxan  and  mono- 
methyl  urea.     These  reactions  are  readily  understood  if  we  assume 
thp  rnn<&titutional  formula  of  uric  acid  to  be  as  indicated  above  (£. 
^.  17,  1785). 


NH, 
Alfantolo 


NHi 
Mesozalic  Acid 


[,  CO,H 


SYNTHESIS  OF  URIC  AUD. 


S^3 


Uric  acid  is  the  diureide  of  the  hypothetical  body,  CO  =  C(OH) . 
CO,H,  or  C(OH),  ==  C(OH)— CO,H— the  pseudo-form  of  the  half- 
aldehyde  of  mesoxalic  acid,  CHO .  CO .  CO,H,  which  has  not  yet 
been  prepared. 

8YNTHBSX8  OP  URIC  ACID:  fi)  PROM  ACBTOACBTIC  BSTBR;  (a)  PROM 

MALONIC  ACID. 

(i)  From  Acetoacetic  Ester :  (i)  Acetoacetic  ester  and  urea  unite  to  P-uramido' 
crotonU  ester.  When  this  is  saponified  with  alkali  it  yields  an  acid  which,  hi  a  free 
state,  splits  off  water  and  becomes  a  cyclic  urelde — methyl  uracyL  (2)  Nitric  acid 
converts  the  latter  into  nitrouracyl  carboxylic  acid^  (3)  whose  potassium  salt  when 
boiled  with  water  loses  a  molecule  of  carbonic  acid,  and  becomes  the  potassium 
salt  of  nitrouracyl.  (4)  The  reduction  of  the  latter  with  tin  and  hydrochloric  acid  gives 
in  part  amidouracyly  and  in  part  oxyuracyl  or  isobarbituric  add.  (5)  Bromine  water 
oxidizes  the  latter  to  isodialuru  acid^  which  when  heated  (6)  with  urea  and  sulphuric 
acid  yields  uric  acid  (A.  251,  235). 


co,c;h. 

CO .  CH, 
Acetoacetic 
Ester 


(I) 


NH.CO 

CO    CH      - 

I  H 

NH.C.CH, 
Methyl  Uracyl 


W. 


NH  — C— CO 

CO      C— ] 

NH,— C— CO,H 
Nitrouracylic  Acid 


(3). 


NH— CO 
io     C— NO, 
l!lH— (fn 

Nitrouracyl 


NH— CO 

io    <!:nh, 

I  H 

NH— CH 

Amidonracyl 


NH— CO 


NH— CO 


iN 


I 


C— OH 

I  N 

NH— CH 

Oxyuracyl 

(Isobarbitoric 

Acid) 


(5) 


>CO 


(!:(OH) 


-NH 


IJH— C.OH 
Isodialuric  Acid 


NH— CO 

I        II         >co. 

NH  .  C— NH 
Uric  Acid. 


(2)  From  Malonic  Acid:  (i)  Urea  and  malonic  acid  heated  to  100®  with 
POCl.  yield  malonyl  urea,  which  (2)  nitrous  acid  converts  into  oximido-mesoxalyl 
urea  or  violuric  acid.  (3)  When  the  latter  is  reduced,  amidomalonyl  urea  or 
uramil  resulte.  (4)  This  is  changed  by  potassium  cyanate  into  pseudounc  acid. 
(5)  On  withdrawing  water  from  pseudounc  acid  by  means  of  molten  oxalic  acid  or 
boiling  hydrochloric  acid,  uric  acid  results  (B.  30,  559) : 


CO,H 

in, 
(!:o,H 


(I) 


Malonic  Acid 


NH.CO 

CO  in,  - 

NH.CO 

Malonyl  Urea 


(*) 


NH.CO 

io     irN.OH 

Oxi  midometozaly  1 
Urea. 


(3) 


NH.CO 

io   inNH, 
ijjH.io 


(4) 


NH.CO  \ 

>  io     iHNH .  CONH,  - 


(s) 


I 


NH.CO 

io    i.NH 
iSlH.C. 


>CO. 


NH.io  iflH.C.NH 

Since  alloxan  and  dimethyl  alloxan  yield  methylated  pseudouric  acids,  methylated 

uric  acids  can  also  be  synthesized  in  this  way. 

Xanthine  Group.— Guanine,  xanthine,  hypoxanthine,  and  canine  stand  in  close 

relation  to  uric  acid.     Like  it,  they  occur  as  products  of  the  meUbolism  of  the  animel 
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organisn.  Xanthine  and  hypoxanthine  occur  in  the  extract  of  tea.  Theobromine, 
theophylline,  and  thelne  or  caffeine — ^methyl  deriTatiTes  of  xanthine— are  found  in 
the  vegetable  kingdom : 

CO  ^„ 

Xanthine                                                          Tbeobromine 
CHj.N CO  CHj.N CO  qj 

CO         C  — NHv  ^        OC  C  — Nv . 


CHj.N C  — N   ^  CHj.N C  — Ni=^ 

TheophyUine  Caffeine,  or  Theine. 


The  breaking-down  of  xanthine  into  alloxan  and  urea,  and  of  caffeine  into  dimethyl 
alloxan  and  methyl  urea,  by  means  of  potassium  chlorate  and  hydrochloric  acid,  are 
particularly  important  in  the  explanation  of  their  constitution. 

Nitrous  acid  converts  guanine  into  xanthine,  and  by  decomposition  yields  guani- 
dine,  (NH,),C:NH  (p.  411),  hence  it  must  be  regarded  as  xanthine  in  which  a 
guanidine  residue  takes  the  place  of  a  urea-residue ;  t.  e.^  the  oxygen  of  a  CO  group 
is  replaced  by  imide  NH. 

Adenine  bears  the  same  relation  to  hypoxanthine  that  guanine  sus- 
tains to  xanthine,  inasmuch  as  it  is  converted  by  nitric  acid  into  hypo- 
xanthine. 

The  xanthine  group  compounds  occur  in  beet  juice  (B.  29,  2649)  : 

HN  —  CO  HN  — CO  N  =  C.NH, 

HN  =  (!:      <!:  — NH.  Hi      d— NH.        -< Hi      C-NHv 

I        II  >CH  II        II  >CH  «       1         .,>^CH 

HN  — C— N  <^  N  — C  — N   ^  N  — C—    N^^^ 

Guanine  Hypoxanthine  Adenine. 

Xanthine  (see  constitutional  formula  above)  occurs  in  slight  amounts  in  many 
animal  secretions,  in  the  blood,  in  urine,  in  the  liver,  in  some  forms'  of  'calculi, 
and  in  tea  extract.  It  results  from  the  action  of  nitrous  acid  upon  guanine  (A.  215, 
309).  It  is  a  white,  amorphous  mass,  somewhat  soluble  in  boiling  water,  and  com- 
bines with  both  acids  and  bases.  It  is  readily  soluble  in  boiling  ammonia ;  silver 
nitrate  precipitates  CgH^Ag^N^O,  4-  H,0  from  its  solution.  The  corresponding  lead 
compound  yields  theobromine  (dimethyl  xanthine)  when  heated  to  loo®  with  methyl 
iodide.  When  xanthine  (analogous  to  caffeine,  page  515)  is  wanned  with  potassium 
chlorate  and  hydrochloric  acid  it  splits  into  alloxan  and  urea. 

Heteroxanthine,  *l'methyl  xanthine^  occurs  in  small  quantities  in  urine  (B.  x8, 
3406),  and  is  formed  from  theobromine  by  the  splitting  off  of  methyl  (B.  a8,  1 1 18; 

ag,  R.  47;  30,554)- 
Theobromine,  •^.'j-dimethyi  xanfAine,  occurs  in  cocoa-beans  (from  Tneobroma 

Cacao)  and  is  prepared  by  introducing  methyl  into  xanthine  (see  above). 

Theobromine  is  a  crystalline  powder  with  a  bitter  taste  and  dissolves  with  difficulty 
in  hot  water  and  alcohol,  but  rather  easily  in  ammonium  hydroxide.  It  sublimes 
(about  290^)  without  decomposition,  when  it  is  carefully  heated.  It  has  a  neutral 
reaction,  but  yields  crystalline  salts  on  dissolving  in  acids ;  much  water  will  decom- 
pose these.  Silver  nitrate  precipitates  the  compound,  C|Hf  AgN^O^,  in  crystalline 
form  from  the  amraoniacal  solution  af^er  protracted  heating.  When  this  salt  is  heated 
with  methyl  iodide  it  yields  methyl  theobromine,  C7H,(CH,)N40„  1.  ^.,  caffeine. 

Paraxanthine,  1.7  dimethyl  xanthine^  occurs  in  urme  (B.  x8,  3406).  It  can  also 
be  prepared  from  theobromine,  from  which  a  methyl  group  can  easily  be  split  off*  and 
again  introduced  in  another  position.  It  passes  by  methylation  into  caffeine  (B.  30^ 
«4). 


THEOPHYLLINE.      CAFFEINE. 


SH 


Theophylline,  i.y dimethyl  xanthine^  melting  at  264^,  was  dis- 
covered in  1888  by  Kossel  in  tea  extract.  By  the  action  of  methyl 
iodide  upon  silver  theophylline  he  obtained  caffeine  (B.  ai,  2164). 
Theophylline  has  been  synthetically  prepared  from  1.3-  or  y-dimethyl 
uric  acid  by  its  conversion  with  PCls  into  ckhrtkeopkylline.  This 
melts  at  about  300^  with  decomposition ;  hydriodic  acid  reduces  it  to 
theophylline  (E.  Fischer,  B.  30,  553)  : 


CHj.N  — CO 
CO    C  — 


CH,.N  — CO 


CH,.N— CO 

^      (io  i- 


NH  CO    C— NH\^ CO    C  — NHv 

f         B  >CO  I         B  yXX  I         y  Vh. 

CHj.N  — C  — NH  CHj.N  — C  — N^       CH,.N  — C  — N   ^ 
y-Dimetbyl  Uric  Acid  Chlortheopbylline  Theophylline. 

Caffeine,  Coffeinet  Theine,  i.'^.'j'trimeihyi  xanthine^  occars  in  the  leaves 
and  beans  of  the  coffee  tree  (^  per  cent.),  in  tea  (2-4  per  cent.),  in  Paraguay  tea 
(from  Ilex  paraguayensis)^  in  guarana  (about  5  per  cent.),  the  roasted  pulp  of  the 
fruit  of  PatUlinia  sorbUis^  and  in  the  cola  nuts  (3  per  cent.).  It  is  also  found  in 
minute  quantities  in  cocoa.     It  is  used  in  medicine  as  a  nerve  stimulant. 

Caffeine  consists  of  long,  silky  needles  with  one  molecule  of  water ;  they  are  only 
slightly  soluble  in  cold  water  and  alcohol.  At  loo^  it  loses  its  water,  and  melts 
at  233®. 

It  has  a  feeble  bitter  taste,  and  forms  salts  with  the  strong  mineral  acids ;  water 
readily  decomposes  them.  On  evaporating  a  solution  of  chlorine  water  containing 
traces  of  caffeine  we  get  a  reddish-brown  spot,  which  acquires  a  beautiful  violet-red 
color  when  dissolved  in  ammonia  water. 

Sodium  hydroxide  converts  theine  into  caffddine  carhoxylic  acid,  CjHj,N^O.- 
CO,H,  which  readily  decomposes  into  CO,  and  caffHdine^  C^HmN^O  (B.  x6,  2309). 
For  other  caffeine  derivatives  (apocaffdne,  cafifuric  acid,  caffolin)  see  A.  2x5,  261, 
and  228,  141. 

Chlorine  water  breaks  caffeine  up  into  dimethyl  alloxan  and  methyl  urea  (p.  399). 
Chlorine  and  bromine  convert  caffeine  into  chlorcaffHne^  melting  at  180^,  and  hrom- 
caffHntt  melting  at  206^.  Zinc  dust  reduces  both  of  them  to  caffeine.  Alcoholic 
potash  changes  them  to  ethoxy caffeine^  melting  at  140^.  The  latter  is  decomposed 
by  hydrochloric  acid  into  ethyl  chloride  and  hydroxycaffHru,  melting  at  345^*  'I'his 
is  identical  with  i.  yj'irinuthyl  uric  acid,  PCI5  converts  hydroxycaffelne  into  chlor- 
caffelne.  Proceeding  from  dimethyl  alloxan,  1.3.7-trimethyl  uric  acid  may  be  syn- 
thetically made,  and  from  this  caffeine  through  chlorcaffelne.  Furthermore,  the 
lower  homol<^es  of  caffeine — theobromine  and  theophylline— can  be  synthesized, 
and  by  introducing  methyl  into  them  caffeine  will  result.  This,  then,  is  an  additional 
qmthesis  of  caffeine  (E.  Fischer,  B.  30,  549)  : 


CH3N  — CO  CH,N  — CO 


I 
CO 


CH 


do 

,.N  — CO 


h 


I 


O    CHN(CH,)CONH,- 

I        I 
CHj.N  — CO 

x.3.7-Trinficthyl-p8eudo- 
id 


Dimethyl 
Alloxan 


CH..N-CO  -^    CH,N-CO 

CO    C  — N(CH,)>,  CO  C  — 

Chlorcaffelne  Caffeine 


CH,N  — CO 

>      CO    C— N(CH,) 

CHjN  — C  — NH.^ 
1.3.7-Trimethyl  JJric  Acid 


^CO, 


ydrozycaffeine 


N(CH,)\^,„ 


CH,N  —  CO 

CO   C  — NH. 

I     II       J:iCH 

CHa.N  — C— N^ 

Theophylline. 
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Quanine,  C^H^fi fi,  occurs  in  the  pancreas  of  some  animals  and  rery  abundantly 
in  guano. 

Guanine  is  an  amorphous  powder,  insoluble  in  water,  alcohol  and  ether.  It  yields 
crystalline  salts  with  i  and  2  equivalents  of  acid,  ^.  g.,  C^H^N^O .  2HCI.  It  also 
forms  crystalline  compounds  with  bases.  SiWer  nitrate  gives  a  crystalline  precipitate, 
CjH,NjO.NO,Ag. 

^fitrous  acid  converts  guanine  into  xanthine.  Potassium  chlorate  and  hydrochloric 
ac'd  decompose  it  into  parabanic  acid,  guanidine  and  CO.  (p.  411). 

2-Aaiino-6.8-diozypurin  is  obtained  from  2*imidopseudouric  acid  (p.  507) 
and  from  bromguanine  (B.  30,  570). 

HN  — CO 

Sarcine,  Ilypoxanehine,  HC      C  —  NHv  is  a  constant  attendant  of  zan- 

^-h   _N    >«• 

thine  in  the  animal  organism,  and  is  distinguished  principally  by  the  difficult  solu- 
bility of  its  hydrochloride.  It  consists  of  needles  not  very  soluble  in  water,  but  dis- 
solved by  alkalies  and  acids.  Silver  nitrate  precipitates  the  compound  C(H,Ag,N^O 
-|-  H,0  from  ammoniacal  solutions.  Dimethyl  hypoxanthine  splits  into  methyl- 
amine  and  sarcosine  when  it  is  heated  with  hydrochloric  acid  (p.  317)  (B.  a6,  1914). 

N  =  C.NH, 

Adenine,  HC      C  —  NHv  pol3rmeric  with  hydrogen  cyanide,  has  been 

n     II  yen, 

N— C— N  ^  • 
isolated  from  beef  pancreas.  It  also  occurs  in  tea  extract.  It  crystallixes  in  leaflets 
with  pearly  lustre.  It  has  three  molecules  of  water  of  crystallization.  At  54^  the 
salt  becomes  white  in  color,  owing  to  loss  of  water.  Nitrous  acid  conrerts  it  into 
hypoxanthine,  and  hydrochloric  acid  at  lSo-200^  converts  it  into  glycocoU,  am- 
monia, formic  acid,  and  CO,  (Kossel,  B.  13,  225 ;  16,  I914). 

Carnine,  C^HgN.O  -{-  H^O,  has  been  found  in  the  extract  of  beef.  It  is  a  pow- 
der, rather  easily  soluble  in  water,  and  forms  a  crystalline  compound  with  hydro- 
chloric acid.     Bromine  water  or  nitric  acid  converts  carnine  into  sarcine. 


14.  TRICARBOXYLIC  ACIDS. 

A.  PARAFFIN  TRICARBOXYLIC  ACIDS. 

(a)  Tricarboxylic  Acids  with  Two  or  Three  Carboxyls  Attached  to  tht  Same 
Carbon  Atom. 

Formation, — (i  a)  By  the  action  of  the  halogen  fatty-acid  esters  on  the  podium 
compounds  of  malonic  esters,  CHNa(C02R^),  and  alkylic  malonic  esters,  R^.  CNa- 
(CO,R^), — e.  g.f  chlorcarbonic  ester,  chloracetic  ester,  a-brompropionic  ester, 
a-brombutyric  ester,  a-bromisobutyric  ester.  (l  ^)  The  tricarboxylic  esters,  resulting- 
in  this  way  from  sodium  malonic  ester,  still  contain  a  hydrogen  of  the  CH,-gronp  of 
malonic  ester,  and  can  be  acted  upon  anew  with  sodium  and  alkyl  iodides.  They 
then  yield  the  same  esters,  which  are  obtained  by  starting  with  the  monoalkylic 
malonic  esters. 

(2)  By  the  addition  of  sodium  malonic  esters  to  unsaturated  carboxylic  esters, 
e,  g.y  crotonic  ester  (B.  24,  2888 ;  C.  1897,  I,  28). 

(3)  Also  by  the  gradual  saponification  of  tetracarboxylic  esters,  containing  two 
carboxyl  groups  attached  to  the  same  carbon  atom,  which  split  off  carbon  diozide 
and  yield  tricarboxylic  esters  (B.   16,333;  ^S.  633 ;  A.  214,58). 

(4)  By  heating  the  best  adapted  ketone  tricarbozylic  esters  (B.  ay,  797),  when 
A  ]o55  of  CO  occurs. 
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Like  maloBic  tcid.  these  tricarboxylic  adds  readily  break  down  with  the  elimina- 
tion of  CO,.     They  then  become  succinic  acids,  ^.  ^.  .* 

(CH,),C .  CO,H        =?5l y        (CH,), .  C .  CO,H 

CH .  (co,H),  in, .  CO,H 

Iiobntane  ■■^-tricarboxylic  Unsyin.  Dimethyl  Succinic 

Acid  Acid. 

For  the  saponification  of  tricart)oxylic  esters  consult  B.  29,  1 867. 

Pormyl  Tricarboxylic  Ester,  Methenyl  Tricarboxylic  Eater,  CH(CO,- 
^l^)it  i*  obtained  from  sodium  malonic  ester,  CHNa(CO, .  C,H()„  and  ethyl 
cblofcaibonate  (B.  11,  R.  531) ;  it  melts  at  29^,  and  boils  at  253^. 

Cyanmalonic  Eater,  CH(CN)(CO,R),,  results  from  the  action  of  cyanogen 
chloride  upon  sodium  malonic  ester.  It  ▼olatilizes  without  decomposition  under 
greatly  reduced  pressure.  It  has  a  very  acid  reaction,  and  decomposes  the  alkaline 
carbonates,  forming  salts,  like  CNa(CN)(CO,R),  (B.  ai,  R.  567). 

Cyanoform,  CH(CN),  -f  CH,OH  (?),  melts  with  decomposition  at  214^ 
Sodium  cyanoform  is  produced  when  cyanogen  chloride  acts  upon  malonitrile  and 
sodium  ethylate  (B.  29,  11 71). 

CH     CO  C  H 

Ethenyl  Tricarboxylic  Ester,    L    *        ^  *    ',  is  obtained  from  sodium  ethyl 

CH(CO,.  CjHj), 

malonate  and  the  ester  of  chloracetic  acid.     It  boils  at  278°.     Chlorine  converts  it 

into  Cbloretbenyl  Tricarboxylic   Ester,  CsH^C^CO, .  C^H,),.     This  boils  at 

290^,  and  when  heated  with  hydrochloric  acid ,  yields  carbon  dioxide,  hydrochloric 

add,  alcohol,  and  fumaric  acid;  when  saponified  with  alkalies,  carbon  dioxide  and 

malic  acid  are  the  products  (A.  2x4,  44). 

Unsym.  Dimethyl  Cyansuccinic  Ester,  B.  27,  R.  506. 

Methyl  o-Cyansuccinic  Ester,  (CO,CII,)CH,CH(CN)CO,CH„  is  obtained 
from  meUiyl  cyanacetic  ester  and  chloracetic  ester  (B.  24,  R.  557). 

,.     -.  CH, .  CH .  CO.CH.    ,    ., 

Prop«ne-aa)3-tncarboxylic  Ester,  1        ^  ^  u  !  >  ^^  '^  ^7^' 

CH(COjC,Hj), 

The  free  ackl  (isomeric  with  tricarballylic  acid)  melts  at  146°,  and  breaks  down 

into  carbon  dioxide  and  pyrotartaric  acid. 

CH,.CO,R 
Propane-a^-tricarboxylic  Ester,  1  ,  boils  at  273^'. 

CHj .  C(CO«R)j 

C  H     CH   CO  R 
n-Butene-oajS-tricarboxylic  Eater,    '    '  1     '       *    ,  boils  at  278^ 

CH(CO-R), 

CH, .  CO,H 

C,H. .  <!:(CO,H),   • 

Isobutane-aa/9-tricarboxylic  Ester,  (CO,R)C(CH,), .  CH(CO,R)„  boils  at 
277®.     Compare  B.  23,  648. 

In  these  formulas  R  represents  C,Hg. 
a-Cyanglutaric  Ester  (B.  27,  R.  506). 

a-Aikyl-a'Carboxy-giuiaric  Ester,  see  A.  292,  209;  C.  1897,  I,  28. 
Pp-Dimithyi-a-Carboxy-giutaric  Ester,  see  /?/?-Dimethyl  glutaric  acid,  p.  454. 

(^)  Tricarboxylic  Acids  with  the  Carboxyl  Groups  Attached  to  Three 
Carbon  Atoms. 

Tetra-  and  penta-carboxylic  acids,  containing  one  or  two  pairs  of 
CO,H-group5  attached  to  the  same  carbon  atom  split  off  carbon  diox- 
ide, and  numerous  representatives  of  the  class  have  been  prepared 
(B.  24,  307,  2889 ;  25,  R.  746). 

Tricarballylic  Acid,  CH, .  (CO,H)  .  CH(CO,H)CH,(CO,H), 
crystallizes  in  rhombic  prisms,  which  dissolve  easily  in  water,  and 


n-Butane-a;9^-tricarboxylic  Ester,     ,,     j^^^^x  ttx     »  ^^^*  **  ^^^^' 


5l8  ORGANIC  CHEMISTRY. 

melt  at  162-164^.  It  is  obtained:  (i)  By  heating  tribromallyl  with 
potassium  cyanide  and  decomposing  the  tricyanide  with  potash; 
(2)  by  oxidizing  diallyl  acetic  acid  (p.  289);  (3)  by  acting  upon 
ethyl  aceto-succinate  with  sodium  and  the  ester  of  chloracetic  acid, 
then  saponifying  the  aceto-tricarballylic  ester  (see  this) ;  (4)  by  the 
decomposition  of  propane-oo^-  and  oAS^'-tetracarboxylic  ester  (B.  24, 
307,  2889  ;  29,  1 281);  (5)  by  the  action  of  nascent  hydrogen  upon 
aconitic  acid,  CfHcOf  (B.  aa,  2921),  and  by  the  reduction  of  citric 
acid  with  hydriodic  acid;  (6)  from  propane-aa^S^T'-pentacarboxylic 
ester  (see  this),  by  the  elimination  of  2CO,  (B.  25,  R.  746);  (7)  by 
the  action  of  caustic  potash  upon  citrazinamide  at  1.50^  (B.  27,  1271, 
3456).  The  acid  occurs  in  unripe  beets,  and  also  in  the  deposit  in  the 
vacuum  pans  used  in  beet-sugar  works. 

The  silver  salt,  C,HjO.Agj.  GMum  tritarbaUylaie,  (C,HjO-),Ca- -f  4H,0,  is  a 
powder  that  dissoWes  with  difficulty.  The  trimethyl  ester ^  C|H^O«(CH,),,  boils  at 
150^,  under  a  pressure  of  13  mm.  The  chloride,  QH((C0.C1),,  boils  at  140^  (14 
mm.)  (B.  12,  2921).  Anhydride  acid,  C^H^Og.  melts  at  131-132^  (B.  24,  2890). 
Th^triamide,  C,H5(CO.NHj),.  melts  at  2o6*».  The  amidimide,  CeHgO,N„  melts 
at  I73*»  (B.  24,  600). 

Camphoronic  Acid,  aa$'TrimethyltricarballyUc  Acidy 
CO,H      CO,H      CO,H 

CH,— c C CH„   melting  at  135®,  is  formed  by  the  oxida- 

CH,         CH, 
tion  of  camphor  and  will  be  discussed  in  connection  with  this,  as  its 
constitution  has  become  of  prime   importance  in  explaining  the 
structure  of  camphor. 

Homolos^ous  Tricarballylic  Acids:  a» Methyl-  two  modificiftSons,  melting  at 
iSo^'  and  134^ ;  ^-Methyl-  melting  at  164^' ;  a-Ethyl-  melting  at  147-148^ ;  on- 
Propyl,  melting  at  151-152°;  a- Isopropyl-tricarballylic  Acid,  mf^\Xn%  at  l6l-l62*» 
(B.  24,  2887).  aayDimelhyl-tricarballylic  Acid,  three  modifications;  see  B. 
29,  616. 

a^i- Butane  Tricarboxylic  ^^V/ melts  at  II6-120®. 

aye-Pentane  Tricarboxylic  Acid  melts  at  106-107°  (B.  24,  284). 


B.  OLEFINE  TRICARBOXYLIC  ACIDS. 


Aconitic  Acid,    1   '        i_| 1   *   ,  melts  at  191**,  and  at  the 

same  time  decomposes  into  CO,  and  itaconic  anhydride  (p.  465).  It 
is  isomeric  with  trimethylene  tricarboxylic  acid  (see  this),  and  occurs 
in  different  plants ;  for  example,  in  Aconitum  Napellus,  in  Equisetum 
fiuviatile,  in  sugar  cane,  and  in  beet  roots.  It  is  obtained  by  heating 
citric  acid  alone  or  with  concentrated  hydrochloric  or  sulphuric  acid 
(B.  20,  R.  254). 
Aconitic  acid  has  been  synthetically  made  by  the  decomposition 
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with  alkali  of  the  synthetic  product  resulting  from  the  union  of  2 
mols.  of  oxalic  ester  and  2  mols.  of  acetic  ester^ 

^11  ^__f^H do  ^      ^'  120)  ;  as  well  as  by  the  break- 

ing-down of  the  body  obtained  from  sodium  malonic  ester  and  acety- 
lene dicarboxy  lie  ester  (J.  pr.  Ch.  [2]  49,  20). 

Aconitic  acid  dissolves  readily  in  water.  Nascent  hydrogen  con- 
verts it  into  tricarballylic  acid. 

The  calcium  salt  (CjH,0,)jCa,  +  6H,0,  dissolves  with  difficulty.  The  tri- 
methyl  ester ^  C,H,Of(CH,),,  boils  at  161^  (14  mm.).  It  results  from  the distillatioa 
of  acetyl  citric  trimethyl  ester  (B.  x8,  1954),  and  from  aconitic  acid,  methyl  alcohol, 
and  hydrochloric  acid  (B.  2Z,  669). 

The  triamide,  CgH,(CONH2),,  is  converted  into  citrazinic  acid  (see  this)  by  acids 
(B.  22,   1078,  3054;  23,  831). 

Aceconitic  and  Citracetic  Acids,  C^H^O^,  are  two  acids  of  unknown  constitu- 
tion. They  are  isomeric  with  aconitic  acid.  They  result  when  sodium  acts  upon 
bromacetic  ester  (A.  135,  306). 

AUene  Tricarboxylic  Ester,  CO,R .  CH  :  C :  C(CO,R),,  from  j3-dibromacrylic 
ester  and  disodium  midonic  ester,  melts  at  107°  (B.  29,  K.  051). 


VI.  TETRAHYDRIC  ALCOHOLS  AND  THEIR  OXI- 
DATION PRODUCTS. 

I.  TETRAHYDRIC  ALCOHOLS. 

Ordinary  erythrol  is  the  best  known  of  the  tetrahydric  alcohols  cor- 
responding to  the  four  tartaric  acids  (p.  521).  By  an  intramolecular 
compensation  it,  like  mesotartaric  acid,  becomes  optically  inactive, 
and  is  therefore  called  i-erythrol.  This  alcohol  and  [d  + 1]  erythrol 
were  synthetically  prepared  by  Griner  in  1893  ^^^m  divinyl. 

Divinyl,  or  butadi€n  fp.  99),  forms  an  unstable  dibromide,  which  rearranges 
itself  at  100°  into  two  different  but  stable  dibromides.  When  these  are  oxidized  by 
potassium  permanganate,  the  one  passes  into  the  dibromhydrin  (melting  at  135^)  of 
ordinary  or  i-erythrol,  while  the  other  becomes  the  dibromhydrin  (melting  at  83^)  of 
[d  4-  I]  erythrol.  Caustic  potash  converts  these  two  dibromhydrins  into  two  buta- 
dicn  oxides,  which  with  water  yield  the  erythrols  corresponding  to  i-  and  [d  -\- 1] 
erythrol  (B.  26,  R.  932) : 

HC .  CHjBr  (HO)  .  HC  .  CH,Br  (HO)HC .  CH,(OH) 

CH  =  CH,/^  HC .  CH.Br        ^  (HO)  .  H(l: .  CH,Br       ^(nO)HC .  CH,(OH) 
CH  =  CH,  V.  m^  p,  ,^  i-Erythrol 

^  HC .  CH,Br  (HO) .  HC  .  CH,Br  (HO)HC .  CH,(OH) 

n  — >-  I  — >-  JL 

CHjBr.  CH  CH,BrCH(OH)         CH,(OH)C.  CH(OH) 

m.  p.  83°  [d+I]-ErythroI. 
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i-Erythrol,  Erythrite,  Erythroghicin  or  Phycite,  CH,(OH).. 
CH(OH) .  CH(OH) .  CH, .  OH,  occurs  free  in  the  alga  Frotococcus 
vulgaris.  It  exists  as  erythrin  (orsellinate  of  erythrite)  in  many 
lichens  and  some  algse,  especially  in  Roccella  Montagnei^  and  is  obtained 
from  these  by  saponification  with  caustic  soda  or  milk  of  lime : 

^*"*{  io!c;H,0,),  +  ^^^  =  C,H.(OH),  +  2C,HA. 

Erythrin  Er^throl       OrMllinic  Acid. 

Like  all  poljhjdric  alcohols  erythrol  possesses  a  sweet  taste.  It  melts  at  126^ 
and  boils  at  330^. 

Bj  carefully  oxidizing  erythrol  with  dilute  nitric  acid  erytkrose  results.  More 
intense  oxidation  produces  erythritic  acid  and  mesotartaric  acid  (p.  526). 

i-Nitro-erythrol,  C4H,(ONO,)4,  melts  at  61**  and  explodes  riolently  when  struck. 
i-Tetra-acetyl  Erythrol,  C^Hj(OCOCH,)4.  melts  at  85<>.  i-Erythrol  Dichlor- 
hydrin,  C4Hg(0H),O,,  melting  at  125^,  is  formed  from  erythrol  by  the  action  of 

concentrated  hydrochloric  acid.     i-Erythrol- Ether,  /    \        /     \       ,  boiling 

Cri| .  CH .  Crl .  Cri| 

at  138^,  with  sp.  gr.  1.113  (18^),  is  formed  when  caustic  potash  acts  upon  dichlor- 

hydrin.     It  is  a  liquid  with  a  penetrating  odor,  and  deports  itself  like  ethylene  oxide 

(p.  298).     It  slowly  combines  with  water,  yielding  erythrol,  with   2HCI   to  the 

dichlorhydrin,  and  with  2CNH   to  the  nitrile  of  dioxyadipic  acid  (B.   zy,  1091). 

Erythrol,  in  the  presence  of  hydrochloric  acid,  combines  with  formaldehyde,  benzai- 

dehyde,  and  acetone,  yielding : 

i-ErytbroUfonnal,  Q^AfiJ^')^^^,  melting  at  96<>  (A.  189,  27)  ; 

i- Erythrol -dibenzal,  melting  at  97^ ;  and 

i-Diacetone  Erythrol,  ^^f>^S^^\*  melting  at  56°  and  boiling  at  105^(29  mm.) 
(B.  28,  2531). 

[d  4-  !]•  Erythrol  melts  at  72^ ;  formation — see  above.    Dibrombydrin  melts  at 

.0, 


.dn. 


83*»  (see  above) ;  [d  -|- 1]  Erythrol  Ether,  CH, .  CH  .  CH  .  CH,  (B.  26,  R.  933). 

Tetra-acetyl  [d  -|-  1]  Erythroi^ti€\X:&  at  53**. 

Nitrotertiary  Butyl  Glycerol^  NO,C(CH,OH)„  melting  at  158®,  is  formed  from 
nitromethane,  formaldehyde,  and  some  potassium  bicarbonate  (B.  28,  R.  774). 

Pentaerythrol,  C(CH,OH)^,  melting  at  250-255^,  has  been  prepared  by  con- 
densing formaldehyde  and  acetaldehyde  with  lime.  See  also  vinyltrimethylene. 
Tetra-acetyl  Pentaerythrol,  C(CH, .  O .  COCH,)^,  melts  at  84**  (A.  276,  58).  Penta- 
erythrol Dibenzal  melts  at  160^  (A.  289,  21)  Two  Hesyl-erythroU  have  been 
prepared  by  oxidizing  diallyl,  CH,  =  CH  .  CH, —  CH, — CH  =  CH,  (p.  99). 

2.  TRIOXYALDEHYDES  and  3.  TRIOXYKBTONES:  Erythrose, 
Tetrose,  is  probably  a  mixture  of  a  trioxyaldehyde  and  a  trioxylcetone  (compare 

flycerose,  p.  477).  It  is  produced  when  erythrol  is  oxidized  with  dilute  nitric  acid, 
t  yields  phenylerythrosazone,  C^H«O,(N,HC0H^),.  melting  at  xtf^  (B.  ao,  1090). 
This  probably  is  also  produced  from  the  condensation  product  of  glycolyl  aldehyde 
(B.  25,  2553). 

Methyl  Tctrosc,  CHs[CH0H]8CH0,  is  formed  from  rhamnose- 
oxime  and  acetic  anhydride.  The  osazoncy  melting  at  1 71-174**, 
becomes  d-tartaric  acid  when  it  is  oxidized  with  nitric  acid  (B.  29, 
1381). 

4.  OXYTRIKETONES :  3-Methyl-3-heptanol-2.s.6-trion,  aldol  of 
diacetyl,  CH, .  COC(OH) .  CH, .  CH, .  CO .  CO .  CH„  boils  at  128^ 
'''S  mm.)  (p.  322). 
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5.  TETRAKETONES :  Tetra-acetyl  Ethane,  (CH,CO),CH — 
CH^CO .  CH,),,  IS  obtained  from  sodium  acetylacetone  by  means 
of  iodine  or  by  electrolysis  (p.  323). 

Oxalyl  Diacetonc,  CH,.  CO.  CH,.CO.  CO  .  CH,.  CO.  CH„ 
melting  at  120-121^,  is  obtained  by  the  action  of  sodium  ethylate 
upon  oxalic  ester  and  acetone  (B.  ai,  1142).  It  forms  a  dipyrazole 
derivative  with  phenylhydrazine  (A.  278,  294). 

Methenylbisacetyl  Acetone,  (CH,CO),CH .  CH  =  C(COCH,), 
is  obtained  from  ethoxymethylene  acetyl  acetone  (p.  478)  by  the  addi- 
tion of  acetyl  acetone. 

6.  TRIOXYMONOCARBOXYLIC  ACIDS: 

Erythritic  Acid,  C^H^  X  V,q  |^,  erythroglucic  add,  trioxybutyric  acid,  is  pro- 
duced in  the  oxidation  of  erythiol,  mannitol,  and  laevnlose  (B.  xg,  468).  It  fonns 
a  deliquescent  crystalline  mass. 

Triozyisobutyric  Acid,  (CH,OH),C(OH)CO,H,  melting  at  1160,  is  formed 
from  glycerose  and  CNH  (B.  21,  106). 

7.  DIOXYKETONE  MONOCARBOXYLIC  ACIDS:  ayDiethoxyaceto- 
aceiu  Ester,  CH,(OC,H5) .  CO  .  CH(0 .  CjHjjCOjCjH^,  boiling  at  I3I-I32«>  (14 
mm),  results  from  the  action  of  sodium  ethylate  upon  ethoxychloracetoacetic  ester 
(p.  482)  (A.  269,  28)  (p.  477). 

8.  OXYDIKETONE    CARBOXYLIC    ACIDS:    DehydraceHc  Acid,   (6) 

CO  .  O  .  C.CH, 
Methyl-(3)-acetopyronon,  I  ||  %  melting  at  108^  and  boil- 

CHf  .  CO.  CH .  CO .  CH 
ing  at  269^,  is  formed  on  boiling  acetoacetic  ester  with  a  return  cooler,  on  evap- 
orating dehydracetocarboxylic  acid  with  caustic  soda  (A.  273,  186),  and  from  acetyl 
chloride  by  the  action  of  pyridine.      It  is  isomeric  with  isodehydracetic  acid  (p. 
496).     Feist  explained  its  constitution  (A.  257,  261 ;  B.  27,  R.  417).      Hydriodic 

acid  converts  it  into  dimethyl  p3rrone,  CH,  .  C  =  CH  .  CO .  CH  =  C .  CH,  (see 
this). 

9.  TRIKETONE-MONO-CARBOXYLIC  ACIDS  :  The  j^phenylhydra- 
aone  formed  from  sodium  acetone-oxalic  acid  and  diazobenzenechloride  is  a  deriva- 
tive of  a^y-trtketo-n-vaUric  acid.    It  melts  from  206-207®  (^'  ^8,  285). 


10.  DIOXYDICARBOXYUC  ACIDS. 

Tartaric  Acids  or  Dioxyethylene  Succinic  Acids. — ^Tartaric 
acid  is  known  in  four  modifications ;  all  possess  the  same  structure 
and  can  be  converted  into  one  another.  They  are  :  (i)  Ordinary  or 
dextro'tartaric  acid.  (2)  Lavo-tartaric  Acid,  These  two  are  dis- 
tinguished from  each  other  by  their  equally  great  but  opposite 
molecular  rotatory  power.  (3)  Racemic  Acid  or  parcUartaric  acid,  or 
[d  -f-  1]  tartaric  acid.  This  is  optically  inactive.  It  can  be  resolved 
into  dextro-  and  Isevo- tartaric  acids,  from  which  it  can  again  be 
recovered  by  their  union.  (4)  Mesotartaric  Acid,  antitartaric  acid, 
i-tartaric  acid.  This  is  optically  inactive  and  cannot  be  split  into 
other  forms.     The  isomerism  of  these  four  acids  was  exhaustively  con- 
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sidered  in  the  introduction.  According  to  the  theory  of  van  *t  Hoflf 
and  Le  Bel,  it  is  attributable  to  the  presence  of  two  asymmetric  carbon 
atoms  in  the  dioxyethylene  succinic  acid.  A  compound  containing 
one  asymmetric  carbon  atom  may. occur  in  three  modifications— a 
dextro-form,  a  laevo-form,  and,  by  union  of  these  two,  an  inactive, 
decomposable  [d  -f  1]  modification.  If  the  same  atoms  or  atomic 
groups  are  joined  to  two  asymmetric  carbon  atoms, — that  is,  if  the 
compound  be  symmetrically  constructed,  like  dioxyethylene  succinic 
acid, — then  in  addition  to  the  three  modifications  capable  of  forming 
a  compound  with  one  asymmetric  carbon  atom  there  arises  a  fourth 
possibility.  Should,  namely,  the  groups  linked  to  the  one  asymmetric 
carbon  atom  (viewed  from  the  point  of  union  of  the  two  asymmetric 
carbon  atoms}  show  an  opposite  arrangement  from  that  of  the  groups 
attached  to  the  second  asymmetric  carbon  atom,  then  an  inactive 
body  will  result  by  virtue  of  an  intramolecular  compensation.  The 
action  on  polarized  light  occasioned  by  the  one  asymmetric  carbon 
atom  is  equalized  by  an  equally  great  but  oppositely  directed  influ- 
ence exerted  by  the  second  asymmetric  carbon  atom. 

Therefore,  the  four  symmetrical  dioxysuccinic  acids  can  be  repre- 
sented by  the  following  formulas,  to  which  must  be  ascribed  a  spacial 
significance  as  basis  (p.  48)  : 

CO,H  CO,H  CO,H 

H  — ♦€  — OH  HO— *t  — H  H  — ♦C—OH 

HO  — *C  — H  H  — ♦(:  — OH  H— ♦<;  — OH 

CO,H  CO,H  CO,H 

(i)  Dextrotartaric  Acid  (2)  Leevotartaric  Acid  (3)  MesoUrtaric  Acid. 

d-Tartaric  acid  +  1-tartaric  acid  =  (4)  Racemic  Acid. 

The  configuration  of  d-tartaric  acid,  as  represented  on  p.  563,  fol- 
lows in  consequence  of  the  formation  of  this  acid  from  the  oxidation 
of  methyl  tetrose,  the  decomposition  product  of  the  rhamnoses. 

Historical. — Scheele  in  1769  showed  how  this  acid  coald  be  isolated  from  argoL. 
Kestner  in  1822  discovered  racemic  acid  as  a  by-product  in  the  manufactux^  of  ordi- 
nary tartaric  acid,  and  in  1826  Gay-Lussac  investigated  the  two  acids.  Very  soon 
both  he  and  Berzelius  (1830)  proved  that  ordinary  tartaric  acid  and  racemic  acid  pos- 
sessed the  same  composition,  and  this  fact  led  Berzelius  to  introduce  the  term 
isomerism  into  chemical  science  (p.  41).  Biot  (1838)  showed  that  a  solution  of  ordi- 
nary tartaric  acid  rotated  the  plane  of  polarized  light  to  the  right,  whereas  the  solution 
of  racemic  acid  proved  to  be  optically  inactive,  and  was  without  action  upon  the 
polarized  ray.  Pasteur's  classic  investigations  (1848-1853)  demonstrated  how  racemic 
acid  could  be  resolved  into  dextro-  and  lctv<htartaric  acid^  and  be  again  re-fonned  from 
them.  In  addition  to  laevo-tartaric  acid,  Pasteur  also  discovered  inactive  or  mesotar- 
taric  acidy  which  cannot  be  resolved.  Kekuli  in  1861  and,  independently  of  him, 
Perkin,  Sr. ,  and  Duppa  synthesized  racemic  acid  and  mesotartaric  acid  from  succinic 
acid,  derived  from  amber,  through  the  ordinary  dibromsuccinic  acid.  In  1873  Jung- 
fleisch  obtained  racemic  acid  and  mesotartaric  acid  from  synthetic  succinic  acid,  and 
also  the  other  two  tartaric  acids  derivable  from  racemic  acid.  Van 't  Hoff  in.  1874  and, 
independently  of  him,  Le  Bel  referred  the  isomerism  of  the  foor  tartaric  acids  to  the 
presence  of  two  asymmetric  carbon  atoms  in  symmetrical  dioxyethylene  succinic  acid. 
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Kekuli  and  ADSchfltz  in  18S0  and  1881  found  tliat  when  racemic  acid  was  oxidized 
it  yielded /umaric  aM,  and  that  inactive  or  mesotaitaric  acid  gave  malelc  acid.  The 
oxidant  was  potassium  pennanganate.  This  reaction  directly  linked  the  isomerism 
of  the  tartaric  acids  10  the  isomerism  of  the  two  unsaturated  acids — fumaric  acid  and 
malelc  acid. 

(i)  Racemic  Acid,  Paratartaric  Acidy  C4Ht04  +  H,0,  is  some- 
times found  in  conjunction  with  tartaric  acid  in  the  juice  of  the  grape, 
and  is  obtained  from  the  mother  liquor  in  crystallizing  cream  of 
tartar,  especially  in  the  presence  of  alumina. 

Racemic  acid  appears  (i)  in  the  oxidation  of  mannitol,  dulcitol 
and  mucic  acid  with  nitric  acid,  as  well  as  when  fumaric  acid  (B.  13, 
2150),  sorbic  acid,  and  piperic  acid  are  oxidized  by  potassium  per- 
manganate (B.  23,  2772).  It  is  S3mthetically  obtained  (2)  from 
glyoxal  by  means  of  prussic  and  hydrochloric  acids  (together  with 
mesotartaric  acid,  B.  27,  R.  749),  and  (3)  from  isodibrom-  and 
(together  with  mesotartaric  acid)  from  dibromsuccinic  acid,  by  the 
action  of  silver  oxide  (pp.  452,  526);  (4)  together  with  glycollic  acid 
(compare  the  pinacone  formation,  p.  293),  when  glyoxylic  acid  is 
reduced  with  acetic  acid  and  zinc;  (5)  in  addition,  by  heating 
desoxalic  acid  with  water  to  100^,  when  carbon  dioxide  is  split  off. 

Ethyl  alcohol,  which  can  be  synthesized  in  various  ways,  constitutes 
the  starting-out  material  for  the  first  four  syntheses.  In  the  fifth 
synthesis  carbon  monoxide  serves  for  that  purpose. 
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Racemic  acid  is  also  produced  when  equal  quantities  of  concentrated 
solutions  of  dextro*  and  Isvo-tartaric  acids  are  mixed  (B.  25,  1566), 
and  together  with  mesotartaric  acid  when  ordinary  tartaric  acid  is 
heated  with  water  to  175°. 

Racemic  acid  ci7sUlli<es  in  ihombic  prisms  which  slowly  effloresce  in  dry  air.  It 
is  less  soluble  (i  part  in  5.8  parts  at  15**)  in  water  than  the  tartaric  acid,  and  has  no 
effect  on  polarized  light.  It  loses  its  crystal  water  when  heated  to  lio^.  In  the 
anhydrous  condition  it  melts  at  205-206^.  It  foams  at  the  same  time.  Potassium 
permanganate  oxidizes  it  to  oxaUc  acid  and  hydriodic  acid  reduces  it  to  inactive 
malic  and  ethylene  succinic  acids.  Its  saits  closely  resemble  those  of  tartaric  acid, 
but  do  not  show  hemihedral  faces.  The  acid  potassium  salt  is  appreciably  more  solu- 
ble than  cream  of  tartar.  The  calcium  sait^  C^H^O^Ca  -)-  4H,0,  dissolres  with  more 
difficulty  than  the  corresponding  salts  of  the  three  other  tartaric  acids.  Acetic  add 
and  ammonium  chloride  do  not  dissolve  iL  It  is  formed  on  mixing  solutions  of  cal- 
cium dextro-  and  UeTotartrates.    Barium  salt,  C^H^OgBa-f  a>^H,0  or  5H,0  (A. 

a9S«  3")* 

Decomposition  of  Racemic  Acid. — When  Pasteur  was  study- 
ing racemic  acid  he  discovered  methods  for  the  decomposition  of 
optically  inactive  bodies  into  their  optically  active  components.  These 
were  briefly  considered  in  the  introduction  (p.  68) : 

(1)  Penicillium  glaucum  destroys  the  dextro-tartaric  acid  growing  in 
a  racemic  acid  solution,  leaving  the  1-tartaric  acid  undisturbed. 

{la)  From  a  solution  of  sodium  ammonium  racemate  unaltered  salt, 
without  hemihedral  faces,  separates  above  -f^S^  (B.  29,  R.  112). 
When  the  crystallization  takes  place  below  +28®,  large  rhombic  crys- 
tals form.  Some  of  these  show  right,  others  left  hemihedral  faces. 
Removing  the  similar  forms,  or  by  testing  a  solution  of  the  crystals 
with  a  solution  of  calcium  dextro-tartrate  (A.  aa6,  197),  we  discover 
that  the  former  ix)ssess  right-rotatory  power  and  yield  common  tartaric 
acid,  whereas  the  latter  yield  the  laevo-acid. 

(2^)  From  a  solution  of  cinchonine  racemate  the  first  crystallization 
consists  of  the  more  si)aringly  soluble  laevotartrate.  If  only  half  as 
much  cinchonine,  as  is  necessary  for  the  production  of  the  acid  salt, 
be  introduced,  then  two-thirds  of  the  calculated  quantity  of  cincho- 
nine Isevo- tartrate  will  separate  (B.  ag,  42).  Quinicine  dextrotartrate 
is  the  first  to  crystallize  from  a  solution  of  quinicine  racemate. 

Esters  of  Racemic  Acid:  The  dimethyl  esier  melts  at  85°  and  boils  at  282^. 
It  is  produced  from  racemic  acid,  methyl  alcohol,  and  HCl.  It  is  obtained  pore  by 
distillation  under  reduced  pressure.  It  can  be  made  by  fusing  together  the  dimethyl 
ester  of  dextro-  and  kevo-iartaric  acids.  In  vapor  form  the  ester  of  racemic  acid  dis- 
sociates into  the  dimethyl  ester  of  the  dextro-  and  laevo-tartaric  acids  (B.  18,  1397  ; 
ai,  R.  643). 

Diacetyl  Racemic  Anhydride,  (C,H,0,),QH,0„  melts  at  122-123®  (B.  13, 
1178).  Dimethyl  Diacetyl  Racemic  Ester,  (CjHjO,  2C^H,04(CH,)„  melting  at  86®, 
results  from  the  action  of  acetyl  chloride  upon  the  dimethyl  ester,  and  upon  evaporat- 
ing  the  benzene  solution  of  the  dimethyl  1-  and  d-diacetyl  tartaric  esters.  Niirile  ef 
Diacetylpyroracemic  Acid.  CH, .  CO .  O  .CH(CN)  .  CH(CN)0 .  COCH,,  melting  at 
97®,  is  produced  together  with  the  nitrile  of  diacetyl  mesotartaric  acid,  when  acetic 
anhydride  acts  upon  the  liquid  portion  of  the  additive  product  resulting  fhmi  CNH 
and  glyoxal  in  alcohol  (B.  ay,  R.  749). 
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Imides  :  Methyl-^  ethyl-^  and  phenylimides  melt  at  157^,  179®,  and  235^  (B.  29, 
2719).  The  anil  of  diacetylracemic  acid  melts  at  94°.  It  results  when  PCl^  acts 
upon  the  anilic  acid,  and  when  the  anils  of  d-  and  1-diacetyltaztaric  acids  combine 
(privately  communicated  by  Anschiltz  and  Reitter). 

(2)  Dextro-rotatory  or  Ordinary  Tartaric  Acid  {Acidum 
tartaricum)  is  widely  distributed  in  the  vegetable  worlds  and  occurs 
principally  in  the  juice  of  the  grape,  from  which  it  deposits  after 
fermentation  in  the  form  of  acid  potassium  tartrate  (argol).  It  results 
on  oxidizing  saccharic  acid  and  milk  sugar  with  nitric  acid. 

Common  tartaric  acid  crystallizes  in  large  monoclinic  prisms, 
which  dissolve  readily  in  water  (i  part  in  0.76  parts  at  15^)  and  alco- 
hol, but  not  in  ether.  Its  solution  turns  the  ray  of  polarized  light  to 
the  right.  It  melts  at  167-170°  (B.  2a,  1814),  when  rapidly  heated. 
When  it  is  heated  with  water  to  165°  it  changes  mainly  to  mesotar- 
taric  acid;  at  175°  the  racemic  acid  predominates.  It  also  forms 
racemic  acid  when  it  is  brought  together  with  a  concentrated  solution 
of  1-tartaric  acid.  Pyroracemic  and  pyrotartaric  acids  are  products 
of  its  dry  distillation. 

When  gradually  oxidized,  d-tartaric  acid  becomes  dioxyfumaric  acid 
(p.  527),  dioxy tartaric  acid,  and  tartronic  acid  (p.  485) ;  stronger 
oxidizing  agents  decompose  it  into  carbon  dioxide  and  formic  acid. 

Hydriodic  acid  reduces  it  to  d-malic  and  ethylene  succinic  acids. 

d-Tartaric  acid  is  applied  in  dyeing  or  coloring,  as  an  ingredient 
of  effervescing  powders,  and  as  a  medicine.  Nearly  all  of  its  salts  meet 
with  extended  uses. 

Tartrates.— 'Wi^  neutral  potassium  salt,  C^H^K^O,  -f  ^H,0,  is  readily  soluble  in 
water  ;  from  it  acids  precipitate  the  salt  C^H^KO,,  which  is  not  very  soluble  in  water, 
and  constitutes  natural  Xsaizx-argol  (Cremor tartari).  Potassium- Sodium  Tartrate^ 
C^M^KNaOg  -|-  4H,0  (Seignettis  salt\  crystallizes  in  large  rhombic  prisms  with 
hemihedral  faces.  The  sodium-ammonium  salt,  C^H^KNaO^  -|-  4H,0,  is  obtained 
from  sodium -ammonium  racemate.  The  calcium  salt,  C4H^CaO,  -\-  H3O,  is  pre- 
cipitated from  solutions  of  neutral  tartrates,  by  calcium  chloride,  as  an  insoluole, 
crystalline  powder.  It  dissolves  in  acids  and  alkalies,  and  is  reprecipitated  as  a  jelly 
on  boiling — a  reaction  serving  to  distinguish  tartaric  from  other  acids.  See  also 
calcium  racemate. 

The  neutral  lead  salt,  C^H^PbO^,  is  a  curdy  precipitate. 

Tartar  Emttic—Potassioantimonyl  Tartrate,  Q,fi.^:O)Yi0^  +  >iH,0,  or 

QH4O,:  SbOK  +  >iH,0,  or  CO,K[CHOH],COOSb<Q>Sb .  OCO[CHOH], .  - 

COOK  -f  H,0  (B.  16,  2386),  is  prepared  by  boiling  cream  of  tartar  with  antimony 
oxide  and  water.  It  crystallizes  in  rhombic  octahedra,  which  slowly  lose  their  water 
of  crystallization  on  exposure  and  fall  to  a  powder.  It  is  soluble  in  fourteen  parts 
of  water  at  10°.  Its  solution  possesses  an  unpleasant  metallic  taste,  and  acts  as  a 
sudorific  and  emetic.  See  B.  ag,  R.  84 ;  28,  R.  463,  for  the  corresponding  arsenic 
compound. 

d-Dextro- tartaric  Acid  Esters  (compare  racemic  esters).  To  obtain  the  esters 
of  tartaric  acid,  C|H.O,(CO,R),,  dissolve  the  acid  in  methyl  or  ethyl  alcohol,  con- 
duct hydrochloric  acid  gas  through  the  solution,  and  distil  the  liquid  under  dimin- 
ished pressure.  PCl^  converts  them  into  esters  of  chlormalic  acid  (p.  489)  and  chlor- 
fomaric  acid.  The  esters  constitute  the  first  homologous  series  of  optically  active 
substances,  which  were  investigated  along  the  line  of  rotation  of  the  plane  of  polar- 
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ised  light  (AnschflU  and  Pictet,  B.  13,  I177  ;  compare  C.  65,  996;  B.  37,  R.  511, 
621,  725,  729;  B.  a8,  R.  148).  The  dimethyl  esUr  melts  at  48^  and  boils  at  28o<» 
(760  mm.).  [a]o  =  -f  2. 142  (20«).  The  dietkrl  ester  boils  at  280**  (760  mm.)» 
[a]o  =  -h  7659  (ao<»).  The  dindipropyl  ester  boils  at  303®  C.  {760  mm.),  [a]  d 
=  -H  12.442  (ao°). 

Diaeetyl'd'tartarU  Anhydride^  (^iH,0,),C4H,0„  melts  at  125-129^ 

Diacetyl  Dimethyl  Ester  melts  at  103^. 

Diacetyl  Tartaric  Dianilide  melts  at  214^  (A.  279,  1 38). 

Diacetyl'd'tartranil ;  see  the  anil  of  diacetyl  pyronuremic  acid,  p.  524;  other 
imides,  B.  29,  2710. 

By  dissolving  puWerized  tartaric  acid  in  concentrated  nitric  acid  and  adding  snl- 

phttric  acid,  so-called  Nitro-tartaru  Acid,  C,H,(0 .  NO,),<^q«JJ  resnlts.  It  de- 
composes in  aqueous  solution  with  the  formation  of  dioxytartaric  add  (p.  527). 
CO.H .  C(OH),  —  C(OH),CO,H,  which  further  breaks  down  into  CO,  and  taitnmic 
acid. 

(3)  Lsvo-Tartaric  Acid  is  very  similar  to  the  dextro-variety, 
also  melts  at  167-170^,  and  only  differs  from  it  in  deviating  the  ray 
of  polarized  light  to  the  left.  Their  salts  are  very  similar,  and  usually 
isomorphous,  but  those  of  the  laevo-acid  exhibit  opposite  hemihedral 
faces. 

The  dimethyl  ester  has  the  same  melting  and  boiling  points  as  the 
dimethyl  ester  of  d-tartaric  acid  (see  above);  also  compare  racemic 
acid  esters  (p.  524).  In  the  description  of  racemic  acid  the  method 
by  which  1-tartaric  acid  could  be  obtained  from  it  was  exhaustively 
considered  (p.  524).  In  concentrated  solution  it  combines  with 
d-tartaric  acid  and  yields  racemic  acid. 

(4)  Inactive  Tartaric  Acid,  Mesotartaric  Acid^  Antitartaric  Acid^ 
is  obtained  when  sorbine  and  erythrol  are  oxidized  with  nitric  acid, 
or  (together  with  racemic  acid)  when  dibromsuccinic  acid  is  treated 
with  silver  oxide  (p.  523)  and  maleic  acid  and  phenol  with  potassium 
permanganate  (B.  24,  1753).  It  is  most  readily  prepared  by  heating 
common  tartaric  acid  with  water  to  165°  for  two  days.  It  contains  a 
molecule  of  water  of  crystallization. 

Calcium  Salt,  QH^O^Ca -(- 3H,0  (A.  226,  198).  Barium  Salt,  C^H^O^-f 
H,0  (A.  292,  315).  Dimethyl  Bster  melts  at  iii^  Diethyl  Ester  melts  at  54®, 
and  boils  at  1560  (14  mm.)  (B.  21,  517).  MeBOtartaronitrilc,  CN .  CH^OH) .  CH- 
(OH)CN,  melts  with  decomposition  at  131^.  It  is  produced  by  the  addition  of  prus- 
sic  acid  to  glyoxal,  dissolved  in  alcohol.  Diacetylmesotartaronitrilc  melts  at  76^ 
(B.  27.  R.  749). 

Diamidomcnnu  Acids,  CO,H .  CH(NH,)  .  CH(NH,)  .  CO,H,  are  formed  when 
the  diphenylhydrazone  of  dioxosuccioic  acid  (p.  528)  is  reduced  with  sodium  amal- 
gam. The  one  acid  corresponds  to  mesotartaric  acid  (see  above),  the  other  to  race- 
mic acid  (p.  523).  This  has  b^en  proved  by  changing  the  amido-acids  into  these 
acids  (B.  26,  1980). 

Dianilinosuccinic  Ester,    CO,C,Hj .  CH(NHCH5) .  CH(NHC,H,)  .  CO,C,H^, 

melting  at  149^,  is  obtained  from  dibrom-  and  isodibrom-succinic  ester  and  alcoholic 

aniline  heated  to  100^  (B.  27,  1604)* 

CH .  CO,C,H. 
Imidoethylsuccinic  Acid,  NH<^  1  ,  melting  at  98^,  is  obtained  by 

CH .  CO,H 

the  action  of  hydrochloric  acid  upon  imidosuccinamic  ester,  the  product  resulting 

He  action  of  alcoholic  ammonia  upon  bromsuccinic  ester  (B.  25,  646). 
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Aunsuccinu  Ester^  (CO,C,H|), .  C,H, .  N,  .  C,H,(CO}C,H5),  is  obtained  from 

djazoacetic  ester;  an  isomeric  ester  is  obtained  from  diazosuccinic  ester  (B.  29,  763). 

Ci  CH.) .  CO.H 
Oxycitraconu  Addf  0<^\  ,  decomposes  at  162^.     It  is  formed  when 

Crl .  CO|Xl 

a-cklorcitramalic  acid^  melting  at  139^,  the  addition  product  of  ClOH  and  citraconic 
acid,  is  treated  with  caustic  alkali.  Hydrochloric  acid  changes  it  to  )3-chIorcitramalic 
add,  melting  with  decomposition  at  162^  (A.  253,  87). 

CH, .  C(OH)  .  CO.H 
Dimethyl  Racemic  Acid,  ^^    (L/qH)    CO  H  "^  ^'^'  "  produced  (i)  by  the 

reduction  of  pyroracemic  acid  (B.  25,  397),  and  (2)  when  hydrocyanic  and  hydro- 
chloric acids  act  upon  diacetyl  (p.  322).     The  acid  melts  at  177-178^  (B.  22,  R.  137). 

a^-Dioxyglutaric  Acid,  CO.H .  CH(OH) .  CH(OH) .  CH, .  COjH,  melting  from 
155-156^,  is  obtained  from  the  addition  product  of  glutaconic  acid  (B.  18,  2517). 

ay-Dicxygluiaric  Acid,  CO,H  .  CH(OH) .  CH, .  CH(OH) .  CO.H,  is  formed  from 
dioxyproi)enyl  tricarboxylic  acid,  the  oxidation  product  of  isosaccharin  (p.  537) 
through  the  elimination  of  CO,  (B.  18,  2516). 

ay-DicxydimeihyiGltaaru  Acids,  ^^«^>C(OH)  .  CH, .  C(0H)<^2«^.    The 

acid,  melting  at  98^,  has  been  obtained  from  ether  in  enantiomorphous  crystals, 
llie  second  acid  readily  changes  to  a  lactonic  acid,  melting  at  189-190°.  This  yields 
a  dilactone,  melting  at  104-105°  and  boiling  at  235°,  when  it  is  heated.  These  acids 
are  produced  when  acetyl  acetone  is  treated  with  CNH  (B.  24,  4006;  compare  B. 
25,3221). 

ay-Dioxy-aPy'trimtihyl  Glutaric  Acid— set  B.  28,  2940. 

Dimeihyloxycuiipic  Acids  have  been  prepared  from  acetonyl  acetone  and  CNH 
(B.  29,  819). 

Cineolic  Acid,  CjaHj-Oj,  the  anhydride  of  a  dioxydicarboxylic  acid  resembling 
ethylene  oxide,  will  be  discussed  later  under  cineol. 

CH, .  CH, .  CH,  CH,.  CH, .  CH, 

Di-iA-oxypropylmalonic  Lactone,    I  I>C<[  I      ,  melting 

at  106°,  is  obtained  from  diallylmalonic  acid  (p.  467)  by  the  action  of  hydrobromic 
acid  (A.  216,  67). 

DioxyoUfine  Dicarboxylic  Acid, — The  simplest  possible  acid  of  this  class  appears 
to  be  formed  when  tartaric  acid  is  oxidized  with  hydrogen  peroxide  in  the  sunlight  and 
in  the  presence  of  a  small  quantity  of  a  ferrous  salt.  It  may  be  called  dioxyfumaric 
add,  CO,H . C(OH)  :  C(OH) .  CO,H  +  2H,0.  DiacetyldioxyfumaHc  acid  melts 
at  98°  (Fenton,  B.  29,  R.  547). 

II.  OXYKBTONB  DICARBOXYLIC  ACIDS:  Ethoxyl  -  oxalo  -  acetic 
Ester,  CO,C,H, .  CO .  CH(0 .  C,Hj)CO,C,Hj,  boils  at  155°  (17  mm.).  It  is  obtained 
from  oxalic  ester  and  ethyl  glycollic  ester  (B.  24,  4210). 

/CH  — CO,C,H, 

Nitrilosuccinic  Diethyl  Ester,  N^n  »  melting  at  154°  (40  mm.),  is 

^C CO|C|Hg 

formed  from  the  sHver  salt  of  7-oximidosuccinic  ester  and  ethyl  iodide  with  subse- 
quent distillation  (B.  23,  R.  561 ;  24,  2289). 
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C(OH), .  CO,H 

Diozytaitaric  Acid,   i,^„.     ^^  „-    It  melts  with  decomposition  at  98°  (B. 

C(OH), .  CO,H 

22,  2015).     It  is  obtained  when  protocatechuic  acid,  pyrocatechin,  and  guaiacol,  in 

ethereal  solution,  are  acted  upon  with  N,0,.     It  was  formerly  regarded  as  carboxy- 

tartronic  add,  C(OH) .  (CO,H),.     Its  formation  from  the  benzene  derivatives  just 


^^  OKGAMIC  CHSiaSTKY. 

•  HcU  i»  pKooi  for  &e  Msnmptioo  that  in  beniwie  cmt  cmrboo  atom  b  combined  with 
.  mf  f4  oiher  cacbon  atoms.  However,  Kdnl£  reoioTcd  the  basis  Iran  this  asaomptioQ 
^htfii  he  showed  that  the  bodj  snpposed  to  be  caifoozytaitroDic  acid  coold  also  be 
mttJe  trom  nitrotaitaric  add  by  the  actioo  of  an  alcoholic  solntioo  of  nitrous  acid, 
auii  then  \rf  redaction  be  convetted  into  raccmic  and  mesotartaric  acids.  He  there- 
foie  named  it  dioxytartaric  acid,  for  it  sostains  die  same  relation  to  tartaric  acid  that 
g)>o&ylic  acid  bean  to  glyoollic  add,  and  mesoxalic  add  to  tartronic  acid  (A.  221, 
230).  Glyoxal  is  formed  when  sodinm  diozytaitiate  b  acted  upon  with  sodium 
bi»ul(>hite.  The  sodiMm  satt^  Q^^%j\  -\-  2H,0,  b  a  q>aringly  soli^tle  crystalline 
powder. 

The  dUxytariaric  esters  are  not  known.  Dwxy-^xnmichdc  Diethyl  Ester^  CO.- 
C,M^ .  C(OH),CO .  CO,CLH«,  is,  however,  known.  It  consbts  of  coiorless  crystals 
meltiDg  at  116-118®.  They  are  produced  on  adding  water  to  diaxosuednu  diethyl 
ester,  CO,C,H,.  CO.  CO.  CO,C,Hj,  boiling  at  232-233*  (760  mm.),  llS-liy® 
(13  mm.);  sp.  gravity  1. 1896  (20*).  The  distillation  b  conducted  under  reduced 
pressure.  Hydrochloric  aad  acting  upon  sodium  dioxytartaric  add  suspended  in 
alcohol  produces  the  dioxosncdnic  diethyl  ester.  It  b  a  thick  liquid  with  an  orange- 
yellow  color  (B.  25,  1975)  (compare  a-diketooes,  p.  321).  When  it  b  boiled  with 
a  return  cooler  CO  ^Ihs  off,  and  oxomakmic  ester  (p.  498)  and  oxalic  ester  result 
(B.  27,  1304). 

Two  isomeric  dioximes  of  dioxosiicdnic  add  are  known  (B.  24,  1215).  furasast 
Carboxylic  Acid  b  the  oxime  anhydride  of  the  dioxime.     Dioximidohypergxid-suedttic 

Acid^  I  '    ,  b  an  misuble  oil,  fonned  by  oxidizing  isonitioso-acetic  and 

•ON:C.CO,H*  '  ^ 

acetoacetic  esters  (p.  368)  with  nitric  add  (B.  28,  1213). 

Dioxosucdnk  add  also  yields  pyrasolonopyrasolon,  a  double  lactazam,  a  mono- 
phenylhydrazone  and  a  phenylosazone.  The  lactazam  corresponding  to  the  latter 
compound  is  the  parent  substance  of  a  yellow  dye, 

Tartrazine,  which  will  be  more  ftdly  described  under  the  pyrazolons  (A.  294, 

Three  isomeric  osazones:  «-,  melting  at  121® ;  /5-,  melting  at  136-137®;  and  y-, 
melting  at  I75^f  of  dioxosncdnic  die&yl  ester  are  known.  The  a-  body,  when  in 
•itlution,  gradually  changes  to  the  /3-compound.  Iodine  or  SO,  will  accelerate  the 
ctMiversion.     All  these  osazones  enter  the  pyrazolon  formation  very  readily. 

Oxalo-diacetic  Acid,  ^eti^  Acid,  CO,H.  CH,.CO.  CO.  CH, .  C(),H,  U 
precipitated  in  the  form  of  a  white  insoluble  powder  on  adding  concentrated  hydro- 
chloric acid  to  the  ester.    It  breaks  down  on  heating  into  2CO,  and  diacetyl  (p.  322). 

Oxalo-diacetic  Ester,  Ketipic  Ester,  CO,C,Hj .  CH, .  CO .  CO .  CH,  CX),C,Hg, 
U  produced  like  oxalacetic  ester  (p.  499)  by  the  action  of  sodium  upon  a  mixture  of 
uxalic  ester  with  2  mo1&  of  acetic  ester  (B.  20, 59I) ;  also  from  oxalic  ester  and  chlor- 
aceticester  by  the  action  of  rinc  (B.  20, 202).  It  consists  of  leafy  crystals  melting  at 
77<^  Ferric  chloride  imparts  an  intense  red  color  to  its  alcoholic  solution,  chlorine 
and  bromine  convert  the  ester  into  tetrachlor-  and  tetrabrem-cxaldiacetic  ester.  The 
fiist  is  called  tetrachlordiheto-adi^  ester,  taid  b  also  produced  when  chlorine  acts 
um.n  dioxy-quinone  dicarboxyUc  ester  (B.  20,  3183).  The  osazone  of  oxaldiacctic 
eJter  mav  be  converted  into  di'ipheHyl-z.z-bispyrazcl4m  (B.  28,  68). 

Oxal-lievulintc  Ester  (B.  21,  2583). 

Diacetosuccinic  Acid,  CgH^O,.  Its  ethyl  ester  b  produced  by  electrolysb 
and  by  the  action  of  iodine  upon  sodium  acetoacetic  ester  (A.  201,  144;  B.  28,  R. 

45^)- 

.CO.CHNa.CO.R   .   ,^CH,.CO.CH.CO,R 

CO.CHNa.COjR^    «      CH,.CO    CH  .  CO,R  ^ 

les  in  thin  plates,  meldng  at  88®.  It  exists  also  in  a  liquid  (/3.)  modifi- 
y.form  melting  at  680  {A.  293,  86).  It  b  very  unstable  and  undergoes 
^rmations,  corresponding  to  iu  y-diketoae  nature  (with  the  atomic 
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groopuif  CO  .  CH  .  CH  .  CO,  p.  324).  Thus,  wheD  heated  or  acted  upon  by  acids, 
it  yields  carbopyrotritartaric  ester  (a  derivative  of  fuifurol).  Pyrrol  derivatives  result 
when  it  is  acted  upon  with  ammonia  and  amines.  This  reaction  will  serve  for  the 
detection  of  diaceto-succinic  ester  (B.  ig,  14).  Phenylhydrazone  produces  bispyra- 
zolon  derivatives  (A.  238,  168). 

Sodium  hydroxide  causes  the  ester  to  break  down  into  2CO,,  and  acetonyl  acetone 

(P-J??)-  ,        .    *   .^  CH,.CO.CH.CO,H  ,     ,.    ^  ,  .      ^ 

a^-Diaceto-glutanc  Acid,  1  .Its  diethyl  ester  is  ob- 

CH, .  CO .  CH  .  CHjCOjH 

tained  from  acetoacedc  ester  and  )3-l8evulinic  ester  (p.  381).     Being  a  y-diketone 

compound,  it  unites  with  ammonia  and  forms  a  pyrrol-derivative  (B.  19,  47). 

CH, .  CO .  CH  CO,C,H.      ^         ,  ,       . 

ax-Diaceto-ghitaric  Ester,  r^rr>^^ir^f^  r^  rr  ,  is  formed  from  form- 

aldehyde  and  acetoacetic  ester  in  the  presence  of  small  quantities  of  a  primary  or 
secondary  amine  (Knoevenagel,  A.  288,  321).  It  passes  readily  into  atetrahydro- 
benzene  derivative.  The  /S-alkyl-a^-diaceto-glutaric  esters  prepared  from  the  hom- 
ologous aldehydes  deport  themselves  in  a  similar  manner. 

..CH,.CH(CO.CH,).CO,H      „,    ,       , 
ao-Diaceto-adipic  Acid,  1  .     Ethylene  bromide  acting 

CH, .  CH(CO .  CH,) .  CO,H 

upon  two  molecules  of  sodacetoacetic  ester,  forms  its  diethyl  ester.     Phenylhydrazine 

converts  it  into  a  bispyrazolon- derivative  (B.  19,  2045). 

Diaceto-dimethyl  Pixnelic  Acid  (B.  24,  R.  729). 

,    .         ..  ^  CH, .  CO . CH, .  CH, .  CO.H 

DiljevuUnic  Acid,  ^^-Decanawn  Diaad^  1  ,  results 

CH, .  CO .  CH, .  CH, .  CO,H 

when  alcoholic  hydrochloric  acid  acts  upon  d-furfural-lsevulinic  acid  (A.  294,  167). 

Iodine    converts    disod  -  diaceto  -  succinic    ester   into   diaceto  -fumaric   ester ^ 

CH,.CO.C.CO,R 

H  ,  melting  at  96°. 

McthenylbiBacctoacetic    Ester,    cH   a)>^^^^^~^^COcS 
ethoxymethylenacetoacetic  ester  (p.  483). 
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Citric  Acid,  Oxytricarballylic  Acid  {Acidum  citrtcum),  CO,H.- 
CH, .  C(OH)(COaH) .  CH, .  CO.H  +  H,0,  melts  when  anhydrous  at 
153**  (B.  25,  1 159),  and  occurs  free  in  lemons,  in*  black  currants,  in 
bilberry,  in  beets,  and  in  other  acid  fruits.  It  is  obtained  from  lemon 
juice  for  commercial  purposes,  and  also  by  the  fermentation  of  glucose, 
induced  by  certain^ferments :  CitromyceUs  pfefferiantis  and  glaber 
(B.  26,  R.  696;  27,  R.  78,  448). 

The  acid  can  be  prepared  synthetically  from  ^S-dichloracetone ;  this 
is  accomplished  by  first  acting  on  the  latter  compound  with  prussic 
acid  and  hydrochloric  acid,  when  we  get  dichloroxyisobutyric  acid, 
which  is  then  treated  with  KCN  and  a  cyanide  obtained.  The 
latter  is  saponified  with  hydrochloric  acid : 

CH,a       CH,a  CH,ci  ch,.cn  ch,.co,h 

io       — >-  C(OH)CN  ->  C(OH).CO,H  — >  C(OH).CO,H  -~>  C(OH).CO,H 

(!:H,a       <!:H,a  CH,a  ch,.cn  ch,.co,h 

^      45 
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Citric  acid  is  also  obtained  by  the  action  of  prussic  and  hydro* 
chloric  acids  upon  acetone  dicarboxylic  acid. 

Properties, — Citric  acid  crystallizes  in  large  rhombic  prisms,  which 
dissolve  in  4  parts  of  water  of  20^,  readily  in  alcohol  and  with  diffi- 
culty in  ether.  The  aqueous  solution  is  not  precipitated  by  milk  of 
lime  when  cold,  but  on  boiling  the  tertiary  calcium  salt  separates. 
This  is  insoluble,  even  in  p>otash  (see  Tartaric  Acid). 

Transpositions. — When  heated  to  175®  citric  acid  decomposes  into 
aconitic  acid  (p.  518).  Rapidly  heated  to  a  higher  temperature 
aconitic  acid  breakis  down  into  water  and  its  anhydride  acid,  which 
changes  to  COi  and  itaconic  anhydride^  and  the  latter  in  part  to  citra- 
conic  anhydride.  Another  portion  of  the  citric  acid  loses  water  and 
CO,,  becoming  thereby  acetone  dicarboxylic  acid,  which  immediately 
splits  into  2CO1  and  acetone : 


CHj.CO.H 

C(OH)CO,H 

CH,.CO,H 


CH.COjH 

n 

C.CO.H 
CHj.COjH 

CHj.COjH 

CO 

CHj.COjH 


CH.COjH 

11 

:»-c.co 

CH, 

x!:o 

CH, 


CH, 

I 

c.co 


in. 


CO 


>o 


CH, 


^k 


CO 


in. 


CO 


>o 


It  breaks  up  into  acetic  and  oxalic  acids  when  fused  with  caustic  pot- 
ash, and  by  oxidation  with  nitric  acid.  Acetone  dicarboxylic  acid 
(p.  521)  is  produced  when  citric  acid  is  digested  with  concentrated 
sulphuric  acid. 

Salts. — Being  a  tribasic  acid  it  forms  three  series  of  salts,  and  also  two  different 
mono-  and  two  different  dialkali  salts  (B.  26,  R.  687). 

The  calcium  salt^  (CfiJ^i)t^H  +  4H3O,  is  precipitated  on  boiling. 

Esters  :  The  trim  ethyl  ester  melts  at  79°  and  boils  at  176®  (16  mm.). 

Trimethyl  Acetocitric  Ester,  boiling  at  171°  (15  mm.),  decomposes  when  distilled 
at  the  ordinary  pressure  into  acetic  acid  and  aconitic  ester  (B.  18,  1954).  Acetocitric 
anhydride,  melting  at  121^  (B.  2a,  984),  breaks  down  when  distilled  at  the  ordinary 
pressure  into  CO.,  acetic  acid  and  citraconic  anhydride. 

Citramide,  C,H4(0H)(C0 .  NH,),.  When  digested  with  hydrochloric  or  sulphwic 
acid  it  is  condensed  to  citrazinic  tf nV  (dioxjrpyridine  carboxylic  acid)  (B.  17,  2687; 

23,  831 ;  a7»  R.  83). 

Isocitric  Acid,  CO,H .  C(CH,)(OH) .  CH(CO,H) .  CH. .  CO,H,  U  obtained 
from  acetosuccinic  ester  by  means  of  prussic  and  hydrochloric  acids.  When 
liberated  from  its  salts  it  immediately  passes  into  a  /-lactone  dicarboxylic  acid  (A. 

234.  38). 

Cinchonic  Acid,  butenyl-d-oxy-aj3y-tricarboxylic  lactone,  melting  at  168®  (A. 

234,  85  ;  B.  25,  R.  904),  is  produced  when  sodium  amalgam  acts  upon  cinchomer- 

onic  acid  or  /^/-pyridine  dicarboxylic  acid.     When  heated  to  168^  it  breaks  down 

into  C0|  and  pyrocinchonic  anhydride  (p.  466)  : 


N CH  =  C .  CO,H 

CH— CH  =  C.CO.H 
Cinchomeronic  Acid 


O CH,— CH .  CO,H 

"^  do  — CH.— CH  .  CO,H 
Cinchonic  Acid 


CHj.C.CO 
>  I  >0 

CH,    C.CO 
Psrrocinchonlc 
Anhydride. 
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14.  KETONE  TRICARBOXYLIC  ACIDS. 

^     ,  .  .    „         CO, .  C,H. .  CO .  CH  .  CO.CjH. 

Oxal-succinic  Ester,  ^^    ^^'^'j^Sboilmgat  1550(17  mm.), 

V  M         M  9  _ 

is  fonned  when  sodium  ethylate  acts  upon  oxalic  ester  and  succinic  ester.  When  it 
is  heated  alone  under  ordinary  pressure,  it  breaks  down  into  CO  and  ethenyl  tricar- 
Iwxylic  ester  (p.  517)  (B.  27,  797).  Being  a  jS-Vetomc  acid  derivative,  its  ester  yields 
a  pyrazolon  compound  with  phenylhydrazine.  Ferric  chloride  imparts  a  red  color  to 
its  alcoholic  solution.  It  breaks  down  when  heated  above  150°  into  CO  and  ethane 
tricarboxylic  ester  (B.  27,  797  ;  A.  285,  1). 

a-Acetotricarballylic  Ester,  CH, .  CO .  CH(COjC,H5)CH(CO,C,H5)CH,- 
(CO^C^Hj),  boiling  at  175°  (9  mm.],  is  obtained  from  chlorsuccinic  ester  and  sodium 
acetoacetic  ester  (B.  23,  3756). 

/?•  AcetotricarballyUc  Ester,  CO,  .  CjH^ .  CH, .  C{COCH,)(CO,C,Hj)  .  CH, .  - 
COjC^Hg,  boiling  at  190^  (16  mm.),  is  formed  from  sod-acetosuccinic  ester  and  chfor- 
acetic  ester,  and  as  a  by-product  in  the  preparation  of  acetosuccinic  ester  (A.  295, 
94) ;  tee  also  ^-acet-glutaric  acid,  p.  502. 


15.  TETRACARBOXYLIC  ACIDS. 

A.  PARAFFIN  TETRACARBOXYLIC  ACIDS. 

Formation, — (i)  By  the  action  of  iodine  upon  sodium  malonic  ester.  (2a)  From 
the  sodium  derivatives  of  malonic  esters  and  alkylen  dihalogenides  or  halogen 
malonic  esters.  (2^)  From  sodium  tricarboxylic  esters  and  halogen  acetic  esters. 
(3)  By  the  addition  of  sodium  malonic  esters  to  the  esters  of  unsaturated  dicar- 
boxylic  acids,  etc.     Usually  they  are  only  known  in  the  form  of  their  esters. 

Sym.  Ethane  Tetracarbozylic  Acid,  Dimalonic  Acid,  (CO,H),— CH— CH— 
(COOH),,  melts  at  167-169^,  and  heated  to  higher  temperatiu-es  becomes  ethylene 
succinic  acid.  It  is  obtained  from  its  ester  by  means  of  sodium  hydroxide  (B.  25, 
II 58).  The  ethyl  ester,  melting  at  76^  and  boiling  with  decomposition  at  305^,  is 
produced  by  electrolysis  (B.  28,  R.  450) ;  by  the  action  of  chlormalonic  ester  and 
of  iodine  upon  sodium  malonic  ester,  and  by  heating  dioxalosuccinic  ester  (see  this). 
Caustic  potash  saponifies  it  to  ethane  tricarboxylic  acid  with  the  elimination  of  CO, 
(p.  517).     See  B.  28,  1722,  for  the  dihydrazide. 

Sodium  ethylate  converts  ethane  tetracarboxylic  ester  into  a  disodium  derivative, 
which  yields  tetrahydronaphthalene-tetracarboxylic  ester  (B.  17,  449)  with  o-xyly- 
lene  bromide,  CgH4(CH,Br),. 

Ethyl  Ethsne  Tetracarboxylic  Ester,  B.  17,  2785. 

Dimethyl  Ethane  Tetracarboxylic  Ester,  B.  18,  1202;  28,  R.  451. 

Diethyl  Ethane  Tetracarboxylic  Ester,  B.  21,  2085  *>  ^*  B^-  452- 

Alkylen  Dimalonic  Acids. — The  following  acids  for  practical  reasons  are  in- 
cluded in  this  class :  methylene-,  ethylene-,  and  trimethylene-dimalonic  acids.  Their 
ethyl  esters  are  produced  when  methylene  iodide,  ethylene  bromide,  and  trimethylene 
bromide  act  upon  sodium  malonic  esters. 

)9- Propane  Tetracarboxylic  Ester,  Methylene  Dimalonic  Ester,  Dicarboxy- 

glutaric  Ester,  ^^i<Cr;HrCo'c  H^^  '  ^  obtained  by  the  condensation  of  formic 

aldehyde  or  methylene  iodide  (B.  22,  3294;  27,  2345)  with  two  molecules  of  malonic 
ester,  and  by  the  action  of  zinc  dust  and  acetic  acid  upon  ^-propylene  tetracarboxylic 
acid  (B.  23,  R.  240).     It  boils  at  240^  under  100 mm.  pressure. 

Ethidene  Dimalonic  Ester,  CH,.  CH<^[||^P^»^"6|».  is  produced  by  the 

onioii  of  ethidene  malonic  ester  (see  this)  and  sodium  malonic  ester. 


S3*  OKOAViC  dUMiarniv. 

Bth)rlen«  Dimatonic  Btter,  Butane  TetracartwiyUc  Ester, 

riL.CH(CO,CIL), 
I  \  ia  SKineil  together  widi  Optiimettijiene  dicarboxylic  ester 

CII,.CH(CO,C,Hj). 

when  ethyleDe  bromiae  aett  upon  lodtnni  malonic  ester  (B.  zg,  2038). 

See,  farther,  tximethjIeae-i.l-^licarboJLylic  acid  and  hezametb7leoe-i.l-3.3-tetia- 
carbonylic  ester. 

A)ky\  Btttana  Tatracarbosylic  Bater,  B.  aft,  R.  300, 464. 

Trlmathxleiia     Dfanalonic     Bater,     Pentane  •  Tetracaibosylic     Acid, 

^■^^^^Ch'cHCiS&H*)!'"  fonned,  together  with  tctrwnethylcnc  dicarboxylic 
e»«er  (see  this)  in  the  action  of  trimethylene  bromide  upon  two  molecules  of  sodium 
OMkeiic  ester.    See  ako  hesamethylene*  1.1-3. 3>tetrscarbozylic  *^v* 

It  is  noteworthy  that  the  disodium  derirati^es  of  the  aJkylen  dimalonic  esters  are 
ix^nverted  hy  the  action  of  bromine  or  iodine,  or  of  CH,I,  and  CH,Br .  CH,Br,  into 
CTclopareAa  tetracarboxyNc  esters.  The  alkylen  dimalonic  acids  split  off  two  CO, 
irTt>u|)e  and  yield  alkylen  diacetic  acids;  so,  too.  the  cycloparaffin  tetncarbozylic 
echift,  oUaiaed  fron  the  alkylen  dtmelonir  acids,  yield  cycloportffin  dicarboaylic 
acKl»: 

,.„     CH(CO,C,H,),  C(CO,C,HJ, CH .  CO.H 

i.  Iljv^  ^t^H,<  I  >.Ctl,<  I 

CH(OaC,H.\  C(CO,CHj),  CH .  CO.H 

M«<Kyl««ic  UtaMloatc  Add         TrisMthyleae  iWacar-      Trimethylene  Dicarboxyllc 

bozylic  Acid  Acid. 

CH, ,  CH^a\C,H^)|  CH, .  C(CO,C,H»), ^CH, .  CH .  CO,H 

i^r,,  CH(a\c,Hj\         CH, .  c(cac;H,),         ch,.ch.co,h 

Kxlix  )cn*  DiaiakMiic  Acia         Tctrmawthylene  Tetracar-    TetnuDclfaykne  Dicarboxylk 

boxyltc  Acid  Add. 

CH,  — CH.COjH 

CH.COjH 
TtimtlhxU-iM  UiniAluttK  Acid       PeaUmetbylene  Tetracar-     Peotamethylene  Dicarbozylic 

bozylic  Acid  Acid. 


CH,.CIUaVVU   ^„    ,CH,.C(CO,C,HA  CH,- 

l  H,v,  ->t-ti,v^  I  — >.CH,< 

iU..CMva\C,H,^  CH, .  C(CO,C,H0,  CH,— < 


S^yhum  and  ethyl  chloracetate  change  ethenyl  tricarboxyfic  ester  into  the  ester  of 

Pn>|^ii«.4  ^VN  tatracartM»yIic  Acid,  C(CO,H),  <  ^||*;  ^*|j ,   Malondiacetic 

a\  (\),  which  KmU  with  j^U):ht  decomposition  at  295®  (200  mm.).     The  free  add  is 
x^UauxsI  In  «a|XM\«t\in^  the  ester.     It  melts  at  151®  and  decomposes  into  carbon 

\iKvvivlc  *ih)  UlOAll\ll«l\iic  «ClvL 

rritACAi;\u>Iio  «x^Ki>  are  f\^mied  by  the  addition  of  sodium  malonic  and  sodium 
a)k\)  mAlxMuo  e%tcT^  t<^  the  oleHne  dicarboxylic  esters.  These  acids  lose  CO,  and 
bcxNM^HT  tiKMb4U>lK  acids  ^p.  517)  y}.  pr.  Ch.  [2],  35,  349;  B.  24,  311 ;  24,  2S89; 

l^\>Dant-^.^  tatracarbo^yiic  Batar,  (C0,C;H«\CH  .  CH(CO.C,HJ  .  CH,- 
l\\i\M^«  UMiing  at  »>>a04^»  b  obtained  (l)  mm  fhmaric  ester  and  sod-malonic 
e^ir«  v\\Mt))>«rt  ethnlene  dimalonic  ester"^ :  (2)  from  monodUorsncdnic  ester  and 
«\shmn  o\(U>nK'  e^Kr  yl^  t3«  375^;  24.  506).  Tricarballylic  add  b  produced  when 
th%^  rttri  i«  M^sMiuitxl  with  ak\>bv^i)c  potash. 

B\ltanaa^^'telracarboxyllc  Acid,  C{I,(C0lH)CH(O0,H)CH(CXI,H)CH,  . - 
tl\\M\  uvrhin^  at  244^  »  prepared  from  a^msMii-tncaifaallylic  aad.  Ita  ^fiiew- 
k\st*,^  meUs  at  173^  ^B.  aO»  jc^;  at^  SS2). 
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B.  UNSATURATED  TBTR AGAR  BOX  YUC  ACIDS. 

C(CO,C,H,), 

Ethylene  or  Dicarbon-Tetracarbozylic  Ester,  H.^-  ^  „  x  »  i*  obtained  by 

CCCOjCjHj), 

letting  lodiiim  ethyUte  act  fipon  chlonnalonic  ester,  and  by  the  action  of  iodine  upon 

disoditim  malonic  ester  (B.  ag,  1290).     It  melts  at  58^,  and  boils  at  325°. 

CH .  CO,H 

Propylene-aay9/-tetracarbozyllc  Acid,  CfUfi^=C^^^*  Itsetbyl 

\CH(CO,H),. 
ester  is  formed  from  brommaleic  ester  and  sodium  malonic  ester.     The  acid  contains 
two  molecules  of  water  of  crystallization.     These  escape  at  100°.     The  anhydrous 
acid  melts  at  191^,  with  decomposition  into  CO,  and  pseudo-aoonitic  acid  melting  at 

Propylenc-oflyy-tctxacarboxylic  Eater,  CH(CO,H), .  CH :  C(C0,C,H5)„  di- 
carboxyl-glutaconic  ester,  results  from  the  interaction  of  sodium  malonic  ester  and 
chloroform.  See  also  etboxymethylene  malonic  ester  (p.  494).  When  saponiBed 
with  hydrochloric  acid  it  yields  glutaconic  acid.  Sodium  amalgam  converts  it  into 
dicarboxyl-glutaric  ester.  It  splits  off  alcohol  and  then  condenses  to  d-ltutone,  melt- 
ing at  93®  (B.  22,  1419 ;  26,  R.  9)  : 

CO, .  CjHj .  CH .  CO, .  CjHj  C0,C,H5 .  C C  —  OCjH, 

CO, .  C,H5 .  C .  COOCjHj  C0,.C,H5.C CO 

When  it  is  heated  with  caustic  potash  it  decomposes  into  formic  and  malonic  acids. 
Glutaconic  acid  is  also  produced  (p.  467)  (B.  27,  5061 ;  C.  1897,  I,  29,  229). 
When  amidines,  hydrazine,  and  hydroxylamine  act  upon  it,  malonic  ester  splits  on, 
and  cjrclic  derivatives  of  oxymethylene  malonic  acid  result  (p.  494). 

Allene  Tetracarboxylic  Ester,  (C0,C;H.),  .  C :  C :  C(CO,C,H5)„  from  di- 
sodium-  and  dichlormalonic  esters,  melts  at  94^  (B.  27,  3374). 


VIL    THE    PENTAHYDRIC    ALCOHOLrS    OR    PEN- 
TITES  AND  THEIR  OXIDATION  PRODUCTS. 

I.  PENTAHYDRIC  ALCOHOLS,  PENTITES. 

One  of  these  occurs  in  nature ;  all  the  rest  have  been  obtained  by 
the  reduction  of  the  corresponding  aldopentoses  with  sodium  amalgam. 
Their  constitution  follows  from  that  of  the  aldopentoses  from  which 
they  have  been  prepared.    The  simplest  pentite,  QH,(OH)5  =  CH,  - 

OH .  £h(OH)  .  CH(OH) .  5hOH  .  CH,OH,  can  have  five  theoretical 
modifications,  because  in  the  formula  two  asymmetric  carbon  atoms 
are  present,  and  they  are  separated  by  a  non-asymmetric  carbon  atom. 
There  are  two  optically  active  modifications,  one  of  which  is  known  as 
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I-arabite.  There  is  also  an  inactive  modification^  produced  by  the 
union  of  the  preceding  forms,  and  which  can  be  split  into  them. 
Finally,  there  exist  two  opticsdly  inactive  modifications  due  to  an 
intramolecular  compensation. 

These  can  not  be  reacdved.  Thej  are  xyKie  and  admnU,  The  pentites  are  ozi- 
dixed  to  pentoaei  by  btomine  and  soda  (B.  97, 2486).  Compare  p.  562  for  the  stereo- 
chemical constitatioo  of  the  pentites. 

1.  1-Armbite,  C^H^COH)^,  melting  at  io2^,  b  berorotatoty  after  the  addition  of 
borax  to  its  aqneoos  solution.  It  is  produced  by  the  redaction  of  ordinary  or  1-arabin- 
oae  (p.  536),  and  has  a  sweet  taste  (B.  24,  538, 1839  Anm.).  BenMoiarabite  melts 
at  150^  (B.  ay,  1535).     Diacetmu  Arahite  boils  at  X45-I52<»  (23  mm.)  (B.  a8, 2533). 

2.  Xylite,  CjHy(OH)^  is  symp-like  and  optically  inactire.  It  resalts  fixxn  the 
redaction  of  zyloae  (p.  536,  B.  24,  538;  1839  Anm. ;  R.  567;  ay,  2487). 

3.  Adonite,  C^Hf^OH),.  melts  at  102®  and  is  optically  inactiTe.  It  occnrs  in 
Adonis  vemalis^  ud  is  prodnced  by  the  reduction  of  hbose  (p.  536 ;  B.  26,  633). 

Adonit-diformacetal  mchs  at  145**  (B.  27,  1893). 
Adonit-dincctone  boils  at  150-155^  (17  mm.). 

4.  Rhamnite,  CH, .  C}H«(OH)^,  meltmg  at  \%\^  and  deztrarotatoiy,  resalts  from 
the  redaction  of  rfaamnose  (p.  536 ;  B.  23,  3x03). 


2.  TETRAOXYALDEHYDES,  ALDOPENTOSES. 

The  tetraoxyaldehydes,  the  first  oxidation  products  of  the  pentahy- 
dric  alcohols,  are  closely  related  to  the  pentaoxyaldehydes  or  aldohex- 
oses,  the  first  class  of  the  carbohydrates  in  the  more  restricted  sense, 
to  which  also  the  aldopentosesare  very  similar  in  chemical  deportment. 
Whereas  formerly  the  carbohydrates  occupied  a  special  position  in  the 
province  of  aliphatic  chemistry,  they  are  now  found  to  be  very  closely 
allied  to  simpler  classes  of  bodies.  All  aldehyde-  and  ketone-alcohols, 
which  can  be  regarded  as  the  first  oxidation  products  of  the  simplest 
representatives  of  the  polyhydric  alcohols,  contain,  like  the  carbohy- 
drates in  a  narrower  sense,  not  only  carbon,  but  also  hydrogen  and 
oxygen  in  the  same  proportion  as  water,  t,  g.  : 

CHO  CHO  CHO  CHO  CHO 

c!h,oh  dnoH         [inoH],         [inoH],         [tnoH]^ 

Giycoiyi  <!:h,oh         <!:h,oh  (!:h,oh  (!:h,oh 

Aldehyde  Glyccrose  Erythrose  Arabinose  Glucose 

(Diose^CsHfOi)  (Triose.  CtH«0,)  (Tetrose,  C4HSO4)  (PentoM,  C|HuOi)  (Hexose,  CtHnOi) 


The  simplest  carbohydrates  are,  therefore,  aldehyde-alcohols,  such 
as  those  just  mentioned,  or  ketone  alcohols — e,  ^.,  fructose,  CH,OH  .- 
CO  .  [CH  .  OH],CH, .  OH  (p.  551).  The  aldopentoses  show  the 
following  reactions  in  common  with  the  aldohexoses : 

I.  They  form  ethers  with  alcohols  in  the  presence  of  small  quanti- 
ties of  hydrochloric  acid  (B.  28,  1156). 

la.  They  form  mercaptals  with  the  mercaptans  in  the  presence  of 
hydrochloric  acid  (B.  29,  547). 

'^.  They  are  reduced  by  sodium  amalgam  to  alcohols :  pentites. 
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3.  Nitric  acid  oxidizes  them  to  oxycarboxylic  acids :  tetraoxymano- 
and  trioocydicarboxylic  acids, 

4.  They  yield  osamines  with  methyl  alcoholic  ammonia  (B.  28, 
3082). 

5.  Hydrazine  converts  the  pentoses  into  aldatines  (B.  ag,  2308). 

6.  Phenylhydrazine  changes  them  to  hydrazones  and  characteristic 
dihydrazones :  osazotus, 

7.  They  yield  oximes  with  hydroxylamine. 

8.  By  successive  treatment  with  prussic  acid  and  hydrochloric  acid 
they  pass  into  pentaoxyacids,  the  lactones  of  which  may  be  reduced 
to  hexoses  (p.  564),  whereby  consequently  the  synthesis  of  a  hexose 
from  a  corresponding  pentose  is  realized. 

9.  They  reduce  Fehling's  solution. 

10.  They  combine  with  aldehydes,  particularly  with  chloral  and 
bromal. 

11.  They  unite  with  acetone  in  the  presence  of  traces  of  hydro- 
chloric acid. 

However,  the  aldopentoses  are  (i)  not  fermented  by  yeast  j  (2) 
they  yield  furfurol  or  alkyl  furfurols  when  they  are  distilled  with 
hydrochloric  acid  or  with  dilute  sulphuric  acid.  This  reaction  can 
be  applied  in  the  quantitative  determination  of  the  aldopentoses  (B. 
25,  2912).  (3)  When  they  are  heated  with  phloroglucin  and  hydro- 
chloric acid  they  acquire  a  cherry-red  color  (B.  ag,  1 202). 

Formation, — Their  production  from  natural  products  will  be  indi- 
cated under  the  individual  aldopentoses.  However,  a  reaction  will 
be  given  in  this  connection,  which  promises  to  afford  a  general  method 
for  the  conversion  of  aldohexoses  into  aldopentoses. 

On  treating  d-glucosoxime  (p.  550)  with  acetic  anhydride  and 
sodium  acetate,  the  nitrile  of  pentacetylgluconic  acid  is  obtained. 
When  this  is  treated  with  caustic  alkali,  and  then  with  hydrochloric 
acid,  it  gives  off  first  the  prussic  acid,  and  then  the  acetyl  groups,  in 
order  to  become  d-arabinose  (Wohl,  B.  26,  740)  : 

CH  =  N(OH)  CN 

H.t.OH  HCO.COCH,                         H.CO 

HO.t.H  CHj.COoin  ^HO.C.H 

H.t.OH  ^               Hio.COCH,                          H.C.OH 

H.t.OH  H(!:O.COCH,                          H.C.OH 

in^oH  in, .  o .  coch,  ch,  .  oh 

d-Gtocosoxime  Nitrile  of  Petitacetyl  d-Anibincwe. 

Gluconic  Acid 

d-Arabinose  is  the  first  aldopentose  prepared  synthetically,  as  d-glu- 
cose  (p.  553)  can  be  synthesized. 

The  mldopentoses  of  the  fonnalm  CH,(OH) .  £h  .  (OH) .  ^H(OH) .  £h  .  OH .  - 
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CHO,  oonUininff  three  asymmetric  carbon  atoms,  can  appear  theoreticallj  in  eight 
optically  active  isomertdes,  and  four  optically  active,  racemic  or  [d  -j-  1]  modifica- 
tions which  can  be  resoWed  (p.  556). 

1.  Arabinose,  CH,(OH)  .(CH.OH),.CHO,  Is  known  in  three  modificatioos : 
I'AraHn^r,  pectinose,  melting  at  160^,  is  obtained  from  cherry  gum  on  boiling  with 
dilute  sulphoric  acid.    Sodium  amalgam  converts  it  into  arabite. 

It  is  dextro-rotatory,  and  reduces  Fehling's  solution.  Oxidation  oonvefts  it  into 
1-arabonic  acid  (p.  537),  and  l-trioxyglutaric  acid  (melting  at  127^).  Boiling  hydro- 
chloric acid  converts  it  into  furfnrol. 

Meihyi'l-arahinoside,  C.HjO|.  CH,,  meluat  169-171°  (B.  36,  2407;  a8,  1156). 
VAruHmosoMme,  C,HgO|(N,HC^H(),(B.  24,  i&foAnm.),  melts  at  l^*".  X-AroHnoie- 
P'hrompkenylhydrawone  melts  at  150-155°  (B.  27,  2490).  VArabrnme-oxime  mt\\% 
at  133-133°  (B.  a6,  743).  Arahinosom^  see  B.  94,  1840  Anm.  AraHm^e  Ethyl 
MercapUl  melts  at  125°.  Arabinose  Ethylene  Mercaplai  melts  at  154°.  Arabinose 
Methylene  Mereapiai  mtXXs  at  150°  (B.  29,  547).  Arabinochloral :  a-form  melts  at 
124°,  the  /3-variety  at  183°.  Arabinobromal,  Q^Ufi^ :  CH  .  CBr,,  melts  at  2iaP  (B. 
29,  R.  544).     Arabinose  Diacetone  melts  at  42°  (B.  28,  1164). 

^-Arahmose  is  formed  by  the  breaking-down  of  d-glucosoxime ;  it  b  laevoratatory. 
d'ArabtnasoMone  melt%  at  160°.  d'Arabmose'diaeetamide,  C^H,«0«(NH .  CO .  CH,)„ 
melts  at  187°. 

[d  + 13  Arabinose  is  formed  by  the  union  of  the  two  optically  active  arabinoses. 
[d  +  \\-Arabm&sa9&ne  melts  at  166°  (B.  27,  2491)- 

2.  Xylose,  Wood  Sugar,  C4H5(OH)4 .  CHO,  is  obtained  by  boiling  wood-gum 
(beech-wood,  jute,  etc.)  with  dilute  acids  (B.  22,  IQ46;  23,  R.  15;  24,  1657).  It  is 
dextro-rotatory.  By  reduction  it  forms  xylite  (p.  534)  and  when  oxidized,  xylonic 
acid  (p.  537)  and  i-trioxyglutaric  acid  (m.  p.  152°).  Prussic  acid  converts  it 
into  1-guIonic  acid  (p.  566)  and  Mdonic  acid  (p.  567). 

Xylosatone  melts  at  160°.  [d-(-l]  Xylosaxone  melts  with  decomposition  at 
2io°-2i5°  (B.  27,  2488).  Methyl  Xyloside,  CjH^Oj.  CH,.  The  a-form  melts  at 
91°,  and  the  /3-variety  at  156°  (B.  28,  1157).     Xylochhral  mdts  at  132°  (B.  28, 

R.  148). 

3.  Lryzose  is  formed  by  the  reduction  of  the  lactone  of  lyxonic  acid  (p.  537). 

Prussic  add  converts  it  into  acids,  which  yield  mucic  acid  on  oxidation  (B.  29, 

5^4)- 

4.  Ribose,  C.HjfOH)^ .  CHO,  is  obtained  from  l-arabinose,  by  oxidizing  the 

latter  to  l-arabonic  acid  (p.  537),  then  rearranging  the  latter  to  ribooic  acid  (p. 
537)  by  heating  it  with  pyridine,  and  finally  reducing  the  ribonic  acid  (B.  24, 

4220). 

5.  Rbamnose,  or  Isodulcite,  CH,(CH .  OH)4CHO  -f  H,0,  melts  at  93°  in 
anhydrous  form;  at  122-126°  when  crystallized  from  acetone.  It  is  dextrorotatory 
(B.  29,  R.  117,  340).  It  results  upon  decomposing  different  glucosides  (quercitrine, 
xanthorhamnine,  hesperidine)  with  dilute  sulphuric  acid.  Isodulcite  yields  a-methyl- 
furfurol  when  distilled  with  sulphuric  acid  (B.  22,  R.  751). 

It  yields  rhamnite  upon  reduction,  and  by  oxidation  l-trioxyg1utaric  add  (m. 
D.  127°^.     CNH  and  hydrochloric  acid  convert  it  into  rhamnose  carboxylic  acid 


20  '2574).     Acetone  Khamnostde,  ^-,n.oU, : ^^n,,  meiis  ai  90-   ^d.    ao,  noa;. 
Rhamnose  Ethyl  Mercaptal  melts  at  136°.     Ethylene  Mercaptal  mdts  at  169°  (B. 

^e/lwothmmnQ^t  has  been  obtained  by  the  reduction  of  the  lactone  of  isorham- 

•J 

°°^*^  Chinovoac,  CH,[CH .  OH]4CHO,  isomeric  with  rhamnose,  is  a  product 
nh»iiined  by  decomposing  chinovine,  occurring  in  varieties  of  quina  and  dnchona 
drochloric  acid.     Its  osaMone  melts  at  193-194®  (B.  26,  2417). 
cose,  C,H„0,,  isomeric  with  rhamnose,  resulto  when  sea  weeds  (fucus 
tre  heated  with  dilute  sulphuric  add. 


TSTRAOXYMONOCARBOXYLIC  ACIDS.  537 


3.  TBTRAOXYMONOCARBOZYUC  ACIDS. 

Adds  of  this  class  are  obtained  by  oxidiang  the  oldopentoses  with  bromine  water 
or  dilute  nitric  acid.  They  readily  pass  into  lactones,  some  of  which  yield  pentoses 
on  reduction.  Furthermore,  oxidation  changes  them  in  part  to  dicarboxylic  acids. 
Hydriodic  acid  reduces  some  of  them  to  lactones  of  the  monoxyparaffin  carboxylic 
acids.    All  the  known  acids  are  optically  active. 

Tetraoxy-n-vaUric  acids,  as  aldopentoses  with  an  eqnal  number  of  carbon  atoms, 
have  theoretically  eight  optically  active  fonns,  three  of  which  are  known,  and  four 
[d  -)-  1]  modifications. 

1.  1-Arabonic  Acid,  CH,(OH) .  (CH .  OH), .  CO,H,  is  obtained  from  I-arabi- 
nose  (B.  21,  3007).  When  Ulserated  from  its  salts  by  mineral  acids,  it  splits  off 
water  and  becomes  the  lactone  C^HgO^,  melting  at  95-98^.  Further  oxidation 
changes  it  to  trioxyglutaric  acid.  Its  phenylhydra^e  melts  at  215^  (B.  23,  2627  ; 
24,  4219).  When  it  is  healed  to  145^  with  pyridine  it  yields  along  with  pyromudc 
acid  some  of  the  isomeric — 

2.  Ribonic  Acid,  which  under  like  treatment  reverts  in  part  to  arabonic  acid. 
Its  lactme,  OHgO^,  melts  at  72-76°  (B.  24,  4217).  Its  phenylkydrazide  melts  at 
162-164®.     Arabonic  and  ribonic  acids  are  laevorotatory. 

3.  Xylonic  Acid,  obtained  from  xylose  by  bromine,  when  heated  with  pyridine 
yields — 

4.  Lyzonic  Acid,  the  lactone  of  which  melts  at  XI3®  (B.  29,  581).  See  further 
lyxose,  p.  536. 

5.  Rhamnonic  Acid,  from  rhamnose  and  bromine,  immediately  passes  into  its 
lactone,  CgHj^^Oj,  melting  at  I50-I51<'  (B.  23,  2992 ;  A.  271,  73).  When  heated  to 
150®  with  pyridine  it  changes  partly  to— 

6.  Isorhamnonic  Acid,  the  lactone  of  which  melts  at  150-152®,  and  when  oxi- 
dized yields  xylotrioxyglutaric  acid  (B.  29,  1961):     See  also  isorhamnose,  p.  536. 

7.  Saccharic  Acid  changes  into  Sacchi^in,  its  lactone  : 

CH,(OH) .  CH(OH) .  CH(OH) .  C(OH)<^^»jj 

Saccharic  Acid 

CH,(OH)  ,  CH  .  CH(OH) .  C(OH)  .  CH, 

\> Xo 

Saccharin 

which  is  obtained  by  boiling  dextrose  and  laevulose  (or  from  invert  sugar)  with  milk 
of  lime  (B.  15, 2954).  Saccharin  dissolves  with  difficulty  in  water  fin  18  parts),  forms 
large  crystals,  tastes  bitter,  melts  at  160®,  and  sublimes  without  aecomposition.  It 
is  reduced  to  a-methyl-y-valerolactone,  or  a/-dimethyl  bntyrolactone  when  heated 
with  hydriodic  acid  (A.  218,  373). 

It  yields  a  phenylhydrazide  with  phenylhydrazine.     It  melts  at  165®. 

Isomerides  <^  saccharin : 

Isosaccharin,  C^HigOg,  melting  at  95®,  when  heated  with  HI  yields  ay-dimethyl- 
valerolactone. 

Metaaacchann,  G^HjqOj,  melts  at  142®.  Hydriodic  acid  reduces  it  to  y-n- 
caprolactone  (p.  346). 

Both  isomerides  are  produced  when  milk  sugar  is  treated  with  lime  (B.  x8, 631, 
2514;  26,1651). 
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4.  TRIOXTDICARBOXYLIC  ACIDS. 

Tri-ozy.n-glutaiic  Acids,  CO,HrCHOHlCO,H,  can  tlieoreti< 
cally  exist  in  four  stereochemical  modincationsy  corresponding  to  the 
four  pentites  (p.  533),  and  in  addition  in  an  inactive  form,  which  can 
be  decomposed. 

l-Triozjgliitaric  Acid,  melting  st  127^,  conespoDds  to  anbinose,  and  is  formed 
when  anbUiofle,  sorbinose,  and  rfaamnoae  are  ozidiziBd  with  nitric  add  (B.  94,  4214 ; 
a7,  383 ;  ax,  3276). 

XylotrioxygliOaric  Acid^  melting  at  152®,  is  prodoced  \rf  the  oxidation  of  mactive 
xylose  and  corresponds  to  xylite  (p.  534). 

RibotrioxyglutarU  Acid^  resolting  from  the  oxidation  of  ribose,  inactive,  readily 
passes  into  an  inactive  huUmu  acid^  ZJAfi^  melting  at  170-171®  (B.  34,  4222).  It 
corresponds  to  adonite  (p.  534). 

Saccharon,  C«HtO«,  is  the  lactone  of  Saccharonic  Acid : 

CO,H .  CH .  CH(OH) .  C(OH) .  CH,  CO,H .  CH .  CH(OH) .  C(OH) .  CH, 

OH  CO,H  O CO 

Saccfaarooic  Acid  Saccharoo. 

Both  are  formed  when  saccharin  is  oxidized  by  nitric  acid  (A.  218, 
3^3)- 

The  acid  is  quite  soluble  in  water.  It  forms  large  crystals.  In  the  desiccator  or 
when  heated  to  90®  it  breaks  ap  into  water  and  its  1-lactone,  saccharon,  melting  at 
145-156®  (A.  2x8,  363).    On  boiling  with  HI  it  is  redaced  to  a-methyl  glotaric  add 

(P-  453)- 

CO  H 
Triozyadipic  Acid,  C4H5(OH),<^q*tt,  results  from  the  oxidation  of  meta- 

saccharin  (see  above)  with  dilute  HNO,  (B.  z8, 1555).    It  melts  at  146^  with  decom- 
position.    Heated  with  HI  it  is  reduced  to  adipic  acid. 

5.  DIOXYKETONE  DICARBOXYLIC  ACIDS:  The  pyrone  dicar- 
boxylic  esters,  resulting  from  the  condensation  of  acetone  dicarboxylic  esters  with 
aldehydes,  are  anhydrides  (like  ethylene  oxide)  of  the  dioxyketone  dicarboxylic  adds. 

Dimethyl-tetrahydropyrone  Dicarboxylic  Ester,      '   CO^^H'SHSo   \ 

CO,C,H5>^**  •  ^"<CH, 
from  acetone  dicarboxylic  ester,  acetaldehyde,  and  hydrochloric  add  (B.  39,  994), 
melts  at  102*'. 

6.  TRIKETONE  DICARBOXYLIC  ACIDS.  Aeetofu  Dwxalester,lA<tiky\ 
Xanthochelidooic  Ester,  CO[CH, .  CO .  CX),C,HJ2,  melting  at  I03>I04**,  is  obtained 
from  acetone,  oxalic  ester,  and_  sodium  ethylate.     Hydrochloric  add  converts  it  into 

Chelid<mic  Ester,  CO<^|J  ^  ^>0  co'&H*'  "«>^g  **  ^3"*-    Some  other  adds, 
related  to  the  preceding,  can  also  be  derived  itom  pyrone,  ^^'^^CH  =  CH-^^' 
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7.  DIOXYTRICARBOXYLIC  ACIDS. 

TRIBASIC  ACIDS. 

Deaozalic  Acid,  C,H(OH),(CO,H)„  is  a  deliqaescent,  crystalline  mass.  Its 
tri-ethyl  estery  C<H,(CLH5),Og,  results  from  the  action  of  sodium  amalgam  upon 
diethyl  oxalate.  It  melts  at  75®  and  boils  at  156^  (2  mm.).  When  its  aqueous  solu- 
tion is  eTaporated,  or  when  its  ester  is  heated  with  water  or  dilute  acids  to  100°,  the 
add  yields  carbon  dioxide  and  racemic  acid : 

HO .  C<5^«5  HO .  CH  —  CO,H 

I     CO,H     ^  .  '     +CO, 

HO .  CH — CO,H      HO .  CH  —  CO,H 
Desozalic  Acid  Racemic  Acid. 

Acid  radicals  can  be  substituted  for  the  two  hydroxyl  groups  of  the  desoxalic  ester 
Heated  with  hydriodic  acid,  desoxalic  acid  gives  off  carbon  dioxide,  and  is  reduced 
to  succinic  acid. 

Desoxalic  ester  and  phenylhydrazine  yield  phenylhydrazine  glyoxylic  ester,  while 
isonitrosomalonic  ester  and  glycollic  acid  are  the  products  with  hydroxylamine  (B.  29, 
R.  908). 

Oxycitric  Acid,C,H.08=  C,H,(OH), .  (CO,H)„dioxytricari)allylic  add,  accom- 
panies aconitic,  tricarballylic,  and  citric  acids  in  beet  juice,  and  is  produced  by  boil- 
ing chlorcitric  acid  (from  aconitic  acid  and  CIOH)  with  alkalies  or  water  (B.  x6, 
1078). 

Diozypropenyl  Tricarboxylic  Acid,  C,H-Og  =  C,Hj(OH),(CO,H)„  results 
from  the  oxidation  of  isosaccharin  with  nitric  acid.  It  is  a  thick  syrup.  At  100^  it 
loses  carbon  dioxide,  and  forms  dioxyglutaric  acid,  C,H4(0H), .  (CO^H),,  which  b 
different  from  the  dioxyglutaric  acid  obtained  from  glutaconic  acid  (B.  18,  2514). 
Hydriodic  acid  and  phosphorus  convert  it  into  glutaric  acid,  C,Hf(C02H),. 


8.  MONOKBTONB  TBTRACARBOXYLIC  ACIDS. 

COjCjHj    COjH    COjCjHj    COjC^H^ 
Aconitozalic  Ester,  1  I  I  I  »  compare   p.   518. 

CH  :=^=:  C C  H'  CO 

The  ammonium  salt  of  this  acid  is  found  when  ammonium  oxalacetic  ester  is  boiled 
with  alcohol  (B.  a8,  790). 


9.  PENTACARBOXYLIC  ACIDS. 

Propenyl  Pentacarbozylic  Acid,  C,H,(CO,H|),  melts  at  149-150^.  It  is  ob- 
tained from  its  ethyl  ester,  which  is  formed  by  the  action  of  sodium  malonic  ester 
upon  chlorethenyl  tricarboxylic  ester  (p.  517).  ' 

Butane  PenUcarboxylic  Eater,  CO.CjHg .  CH, .  CH(CO,C,H.)C(CO,C,H5),  .- 
CH|.  CO,  .  CjH^,  boiling  at  216-218^  (16  mm.),  is  obtained  from  cbloisuccinic  ester 
and  sodium  ethenyl  tricarboxylic  ester. 

Higher  Polycarboxylic  Ethyl  Esters  have  been  obtained  from  sodium  propane  penta- 
carboxylic  esters  with  chlormalonic  esters  and  chlorpentane  pentacarboxylic  ester : 

Butane  Heptacarboxylic  Ester,  C^HjfCOjC^Hj)^,  boils  at  280-2850  (130  mm.). 

Hexane  Decacarboxylic  Ester^  CgH^(CO,C,H5)jp,  is  a  yellow  oil. 

Octan-tesseftUkaideca-carboxylie  Ester,  C^H.(CO,C,Hj),4,  the  highest  known  car- 
boxylic  ester,  b  a  thick  oil,  and  results  when  cnlorbutane  heptacarboxylic  ester  acts 
upon  sodium  butane  heptacarboxylic  ester  (B.  ax,  21  xi). 
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VIII.  HBXA-  AND  POLYHYDRIC  ALCOHOLS,  AND 
THEIR  OXIDATION  PRODUCTS.   • 

I  A.  HBXAHYDRIC  ALCOHOLS,  HEXAOXYPARAPFIN8. 

HEXITB8. 

The  hexahydric  alcohols  approach  the  first  class  of  sugars  (p.  572)^ 
the  glucoses — very  closely.  They  resemble  them  in  properties.  They 
have  a  very  sweet  taste,  but  they  do  not  reduce  an  alkaline  copper 
solution,  and  are  not  fermented  by  yeast.  d-Mannitol,  ^-sorbitol,  and 
dulcitol  occur  in  nature.  These  three  and  certain  hexites  have  been 
prepared  by  the  reduction  of  the  corresponding  glucoses — aldo-  and 
keto-hexoses — with  sodium  amalgam.  Moderate  oxidation  converts 
them  into  glucoses.  The  compounds  which  the  hexites  yield  with 
aldehydes,  especially  formaldehyde  and  benzaldehyde,  in  the  presence 
of  hydrochloric  acid  or  sulphuric  acid,  or  with  acetone  and  hydro- 
chloric acid,  are  characteristic  of  them  (A.  289,  20;  B.  27,  1531 ; 

a8,  2530- 
The  simplest  hexites  with  six  carbon  atoms  contain  four  asymmetric 

carbon  atoms  in  the  molecule.     According  to  the  theory  of  van  '  t  Hoff 

and  Le  Bel,  10  simple  spacial  isomeric  forms  are  possible  for  such  a 

compound. 

I.  Mannitol  or  Mannite,  CH,OHrCH .  Oiq^CH.OH,  exists  in 
three  modifications :  dextro-,  laevo-,  and  inactive  mannitol  \  the  latter 
is  identical  with  the  a-acrite  made  from  synthetic  a-acrose  or  [d  +  1] 
fructose.  It  is  the  starting-out  material  for  the  synthesis  of  numerous 
derivatives  of  the  mannite  series  (B.  23,  373),  and  also  of  grape-sugar 
(p.  548)  and  oi  fruit-sugar  {^,  55')>  as  will  be  more  fully  explained 
under  tnese  bodies.  The  ordinary,  or  d-mannitol,  occurs  rather  fre- 
quently in  plants  and  in  the  manna-ash  (^Fraxitms  omus),  the  dried  sap 
of  which  is  manna.  It  is  obtained  from  the  latter  by  extraction  with 
alcohol  and  allowing  the  solution  to  crystallize.  It  is  produced  in  the 
mucous  fermentation  of  the  different  varieties  of  sugar,  and  may  be 
artificially  prepared  by  the  action  of  sodium  amalgam  upon  d-mannose 
and  fruit-sugar,  or  d-fructose  (B.  17,  227), 

Mannitol  crystallizes  from  alcohol  in  delicate  needles,  and  from 
water  in  large  rhombic  prisms.  It  possesses  a  very  sweet  taste  and 
melts  at  166**.  Its  solution  is  dextro-rotatory  in  the  presence  of 
borax.  When  oxidized  with  care,  it  yields  fruit-sugar  (called  manni- 
tose,  B.  20,  831),  and  d-mannose  (B.  21,  1805).  Nitric  acid  oxi- 
dizes mannitol  to  d-mannosaccharic  acid  (B.  24,  R.  763 ;  p.  569), 
erythritic  acid,  and  oxalic  acid.  Hydriodic  acid  converts  it  into 
hexyl  iodide. 

When  mannitol  is  heated  to  200®  it  loses  water  and  forms  the  anhydrides,  Man- 
miian,  C;H„Og,  and  Afannide^  CJtl^JO^.  The  latter  is  also  obtained  by  distilling 
mannitol  in  a  vacuum.    It  mdts  at  87^  and  boils  at  176**  (30  mm.). 
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E8tQrs«-*M«mkoI  dichlorhydrin,  ^^Hgj^^H  is  fonncd  when  maxmitol  is 
lotted  with  concentrated  hydrochloric  acid.  It  mehs  at  174^.  Hydrobromic  acid 
yields  the  dibromhydrin,  C,H,|  j^^)*,  mclUng  at  178**. 

Nitro-manitlte,  CfHg(0\  NO,),,  melting  at  108^,  is  obtained  by  dissolving  man- 
nitol  in  a  mixture  of  concentrated  nitric  and  sulphuric  acids.  It  crystallizes  from 
alcohol  and  ether  in  bright  needles ;  it  melts  when  carefully  heated  vod  deflagrates 
strongly.  When  struck  it  explodes  very  violently.  Alkalies  and  ammonium  sul- 
phide regenerate  mannitol. 

Hexaceiyl'd'Mannitol^  C,H8(OCOCH,),,  melU  at  119°  (B.  zi»2059). 

Hexabenseyi  Moftniiol  mtiXs  at  149^. 

MmfmiUi  Triformal^  QHJOgfCH,).,  melts  at  a27<»  (A.  289,  20}. 

Tribental  Mannitol,  C.H.O.(CH .  CsH^),,  melts  at  213-2x7^  (B.  28,  X979). 

Triaceicne  Matmiiol^  C^MgOg(C,Hf  )„  melting  at  69°,  is  obtained  from  mannitol, 
acetone,  and  a  little  hydrochloric  acid.     It  has  a  bitter  taste  (B.  28,  1x68). 

LKvo-mannitol,  1-Mannite,  is  obtained  by  the  reduction  of  1-mannose  (from 
I-arabinose  carboxylic  acid,  p.  566)  in  weak  alkaline  solution  with  sodium  aouugam 
(B.  23,  375)-  It  is  quite  similar  to  ordinary  mannite,  but  melts  a  little  lower  (163- 
164®),  and  in  the  presence  of  borax  is  kevorotatory. 

Inactive  Mannitol,  [d  -\- 1]  Mannite,  is  produced  in  a  similar  manner,  from 
inactive  mannose  (from  i-mannonic  acid).  It  is  identical  with  the  synthetically 
prepared  a-acrite  (from  a-acrose,  p.  552^  (B.  23,  383).  It  resembles  ordinary  man- 
nitol,  melts  3^  higher  (at  iM^),  and  m  aqueous  solution  is  inactive  even  in  the 
presence  of  borax.  Nitric  acid  oxidizes  it  to  inactive  mannose  and  inactive  man- 
nonic  acid.  The  latter  can  be  resolved  into  d-  and  I-mannonic  acids  (B.  23,  392). 
d-  and  1-Mannono-lactones  may  be  reduced  to  d-  and  1-mannoses,  and  these  to  d-  and 
1-mannites.     All  of  these  compounds  have  been  synthesized  in  this  way. 

2.  d-  and  l-Iditea  are  colorless  syrups  formed  by  the  reduction  of  d-  and  1-idoses. 
Their  tribenzal  compounds  melt  at  219-223^  (B.  28,  X979). 

3.  d- Sorbite  ^p.  558),  CgHj^Og  4- H,0,  occurs  in  mountain -ash  berries,  forming 
small  crystals  which  dissolve  readily  in  water.  When  heated  they  lose  water  and  melt 
near  1 10°.  It  is  produced  in  the  reduction  of  d-glucose,  and  together  with  d-man- 
nite  in  the  reduction  of  d-fructose  (p.  551)  (B.  23,  2623).  It  is  r^uced  to  secondaiy 
hezyl  iodide  (B.  22,  1048)  when  heated  with  hydriodic  acid. 

SorHt€  TH/ormal,  CgHgOgf  CH,)„  melts  at  206^  (A.  289,  23). 
Triaeetone  Sarbiie,  CgHgOg^CgHg),,  melts  at  45<>  and  boils  at  1720  (25  mm.). 
VSorbite  (p.  558)^  melting  at  75^,  is  obtained  by  the  reduction  of  l>gi^ose  (p.  551) 
(B.  24,  2144). 

4.  Dulcitol,  Dulcite,  C|H,^Og,  occurs  in  various  plants,  and  is  obtained  from 
dulcitol  manna  (originating  from  Madagascar  manna).  It  is  made  artificially  by  the 
action  of  sodium  amalgam  upon  milk  sugar  and  d-galactose.  It  crystallizes  in  large 
monoclinic  prisms,  having  a  sweet  taste.  It  dissolves  in  water  with  more  difficulty 
than  mannite,  and  is  almost  insoluble  in  boiling  alcohol.  Its  solution  remains  optic- 
ally inactive  even  in  the  presence  of  borax  (B.  25,  2564).  It  melts  at  188^. 
Hydriodic  acid  converts  it  into  the  same  hexyl  iodide  that  mannitol  yields.  Nitric 
add  oxidizes  dulcitol  to  mucic  acid.  There  is  also  an  intermediate  aldehyde  com- 
pound that  combines  with  two  molecules  of  phenylhydrazine  and  forms  the  osazam, 
C;HjpO,(N,H .  CgHj),  (B.  20.  1091  . 

Hexacet-dulciU  melts  at  171^. 

Dibenzaldulcite,  CgH,oOg(CH.  CgHj)^,  melts  at  215-2200  (B  27,  1534J. 
Diacetone  Dulcite^  CgH,oOg(C,Hg>2,  melts  at  ^V  and  boils  at  194^  (18  mm.)  (B. 
a8,  2533). 

5.  d-  Taiite  (p.  559)  is  a  syrup.     It  is  produced  in  the  reduction  of  a-talose. 
Tribenzal-a-talite  melts  at  200-206^  (B.  27,  1527). 

[d  -f  JJ  TalUe^  melting  at  66®,  is  formed  by  the  reduction  of  the  body  produced 
when  dulcite  is  oxidised  with  PbOj  and  hydrochloric  acid  (B.  27,  1530). 
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6.  Rhamnohezite,  CH..  [CH  .OH]^.  CH,OH,  melting  mt  173^  is  formed 
len  rfaamnohezose  (p.  551)  is  reduced  with  sodium  amalgam  (B.  23, 3106). 
I  B.  HBPTAHYDRIC  ALCOHOLS :  Penette  or  Mannoheptite, 


when^rfaamnohezose  (p.  5$i)  is  reduced  with  sodium  amalgam  (B.  23, 3106). 

lYDRld  ALCOHOLS:  Persette  or  Mannoheptite,  C,IL- 
(OH)f,  is  known  in  three  modifications :  d-mannoheptite,  l-manuoheptite,  and  [d  -f-  <] 


mannoheptite.  The  d-mannoheptite  or  peiselte  occurs  in  Laurus  persea^  and  is 
obtained,  like  the  other  two  modifications,  by  the  reduction  of  the  oonesponding 
manndheptoses  (B.  23,  936,  2231).  The  [d  -f-  1]  mannoheptite  is  formal  when 
equal  quantities  of  d-  and  1-mannoheptite  are  mixed  (A.  272,  XS9).  Hydriodic  acid 
reduces  it  to  hexahydiotoluene  (B.  25,  R.  503). 

d-  and  1- Mannoheptite  melt  at  187^,  and  are  optically  active,  [d  -}- 1]  Manno- 
heptite melts  at  203^. 

A-Glucoheptite,  CH,0H(CH0H)5CH,0H,  is  obtained  from  agluooheptose.  It 
melts  at  127-128^  (p.  553 ;  A.  270, 81).  Triacatme-a-gltuoheptite^  ^^yfi-iS^i^ 
boils  at  200^  (24  mm.j  (B.  28,  2534). 

a-Oalaheptite,  CyHi^O,,  melts  at  183®.    It  is  obtained  from  a-galaheptose  (p. 

553). 

Anhydro-enneaheptite,  C,H„0»  melting  at   156^,  is  formed  from  seton  and 

formaldehyde  with  lime  and  water.    It  is  an  anhydride  of  the  heptahydric  alcohol 

[CH,OH],  :  C.CH(OH)C  :  [CH,OH],  (B  27,  1089;  A.  289,46). 

voUmite^  CfH,(OH)f,  melting  at  149-151^,  is  found  in  Lactarius  volemus  (B. 

a8.  1973)- 

xC.  OCTAHYDRIC  ALCOHOLS :  aOluco-octite,  CH,OH[CH.OH]«.- 

CH| .  OH,  is  obtained  from  a-gluco-octose  (p.  553,  A.  270,  98),  and  melts  at  141^. 

d-Manno-octite,  CH,OH[CHOH]fCH,OH,  from  mannooctose,  melts  at  258®. 

It  dissolves  with  difficulty  in  water. 

I  D.  NONO-HYDRIC  ALCOHOLS :  Qlucononite,  C^H^O,,  melting  at 

194*,  is  obtained  from  glucononose  (A.  270,  107). 


a  and  3.  PBNTA-,  HBXA-,  HBPTA-,  AND  OCTO-OXY- 
ALDBHYDBS  AND  KBTONBS. 

The  long-known  representatives  of  the  first  class  of  carbohydrates, 
which  are  produced  by  hydrolysis  from  the  more  complex  carbo- 
hydrates, the  so-called  saccharobioses  (p.  573),  like  cane-sugar, 
maltose,  and  milk-sugar,  and  from  the  polysaccharides, — e.  g.,  starch, 
dextrine,  cellulose,  and  others, — are  penta-oxyaldehydes  and  penta- 
oxy ketones.  The  most  important  sugar  of  the  first  class  is  grape-sugar, 
formed  together  with  fruit-sugar  by  the  hydrolysis  of  cane-sugar.  It 
also  occurs  as  the  final  product  of  the  hydrolysis  of  starch  and  of 
dextrine.  In  this  connection  it  may  be  mentioned  that  grape-sugar 
and  fruit-sugar  have  already  been  noticed  with  ethyl  alcohol,  and 
in  connection  with  its  formation  by  alcoholic  fermentation. 

The  aldehyde  character  of  these  bodies  is  inferred  from  the  ready  oxidation  of  cer- 
tain glucoses  to  monocarboxylic  acids,  and  their  reduction  to  hexahydric  alcohols. 
Zincke  (1880)  was  the  first  (B.  13,  641  Anm.)  to  suspect  that  ketone  alcohols  were 
represented  among  the  glucoses.  Kiliani,  in  1885,  investigating  the  CNH  additive 
products,  proved  that  grape-sugar  must  be  regarded  as  an  aldehyde  alcohol,  and  fruit- 
sugar  as  a  ketone  alcohol.  Hence  it  is  customary  to  distinguish  aldoses  and  ketoses. 
The  same  chemist  also  showed  that  arabinose  was  an  aldopentose,  and  in  so  doing 
laid  the  basis  of  an  extension  of  the  idea  of  carbohydrates.  What  was  lacking  was  a 
method  of  synthesis.  It  is  true,  sugar-like  bodies  had  been  obtained  from  formalde- 
hyde (p.  552),  but  it  was  £.  Fischer  who  first  demonstrated  that  a  definite,  well- 
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defined  sugar,  a-acrose,  could  be  isolated  from  it.  This,  as  will  be  observed  later, 
became  in  his  hands  the  starting-point  for  the  synthesis  of  grape-sugar  and  of  fruit- 
sugar. 

By  reducing  the  lactones  of  the  polyoxycarboxylic  acids  to  oxyaldebydes  or  aldoses, 
E.  Fischer  developed  a  method  for  the  preparation  of  oxyaldebydes  rich  in  carbon  or 
carbohydrates  from  polyoxycarboxylic  acids  obtained  synthetically  from  aldoses  by  the 
addition  of  prussic  acid  and  subsequent  saponi6cation.  In  this  way  carbohydrates, 
containing  seven,  eight,  and  nine  carbon  atoms  in  the  molecule,  were  gradually  built 
up. 

The  glucoses  mostly  crystallize  poorly,  and  for  their  isolation  and  recognition 
phenylhydrazine  was  used.  This,  E.  Fischer  also  discovered, "gave  the  very  best  assist- 
ance. Wohl  showed  how  the  oximes  of  the  aldoses  could  be  utilized  in  breaking 
down  the  same  (p.  535). 

The  glucose  character  of  a  compound  is  very  much  affected  by  its 
constitution,  as  aldehyde  alcohol — CH(OH)  .  CHO,  or  ketone  alco- 
hol— CO .  CH, .  OH,  in  which  the  aldehyde  and  ketone  group  is 
directly  combined  with  an  alcohol  group  or  groups.  We  thus  have 
glucoses  containing  not  only  six^  but  even  a  less  or  greater  number  of 
carbon  and  oxygen  atoms.  They  are  named  according  to  the  number 
of  the  oxygen  atoms. 

The  simplest  aldose,  glycolyl  aldehyde,  CH,  .OH  .  CHO,  would  be 
an  aldodiose.  Glyceric  aldehyde,  CH^OH  .  CH  .  OH .  CHO,  and  di- 
oxyacetone,  CH,OH .  CO  .  CH,OH,  would  represent  an  aldotriose  and 
a  ketotriose  (p.  477).  The  aldehyde  and  ketone  of  erythrol  would  be 
an  aldo'  and  ketoteiroscy  as  just  developed  under  the  pentoses  (p.  534). 
Following  the  latter  are  the  heocoses.  In  this  class  belong  the  real 
sugars :  grape-sugar^  fruit-sugar^  and  galactose.  The  heptoses,  octosesy 
and  nonoses  follow  in  regular  succession. 

In  addition  to  the  long-known  hexoses — grape-sugar,  fruit-sugar,  and 
galactose — ^many  others  have  been  discovered  through  .E.  Fischer's 
investigations,  so  that  now  the  hexoses  must  be  removed  from  the 
carbohydrate  class,  and  be  considered  in  immediate  connection  with 
their  corresponding  hexahydric  alcohols.  Then  would  follow  the 
heptoses,  octoses^  and  nonoses,  as  well  as  the  oxidation  products  of 
these  aldehyde  and  ketone  alcohols:  the  polyoxymonocarboxylic  acids j 
the  polyoxyaldehydO'Carboxylic  acids,  and  the  polyoxypolycarboxylic 
acids.  After  the  consideration  of  all  these,  the  higher  carbohydrates ^ 
the  scucharobioseSy  and  the  polysaccharides ,  which  are  the  anhydrides 
of  the  hexoses^  will  be  brought  together  and  fully  discussed  (p.  572). 


a  A.  PBNTAOXY ALDEHYDES  AND   3  A.  PENTAOXYKETONES : 

HEXOSES,  GLUCOSES,  MONOSES. 

Occurrence, — Some  hexoses  occur  widely  distributed  in  the  free 
state  in  the  vegetable  kingdom,  especially  in  ripe  fruits.  Esters  of  the 
glucoses  (from  yXoxo^j  sweet)  with  organic  acids  are  also  frequently 
found  in  plants.  They  are  called  giucosides — e  ,g.,  salicin,  amygdalin, 
coniferin,  the  tannins,  which  are  grape-sugar  esters  of  the  tannic  acids. 
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etc.  The  glacosides  are  split  into  their  components  by  ferments,  acids, 
or  alkalies. 

Formations. — (i)  They  are  formed  by  the  hydrolytic  decomposition 
of  all  di-  and  poly-saccharides,  as  well  as  of  glucosides,  by  ferments 
(p.  120)  (B.  289  1429),  or  by  boiling  them  with  dilute  acids.  (2) 
d-Mannose  and  fruit-sugar  or  d-fructose  have  been  made  artificially 
by  oxidizing, d-mannite.  (3)  A  far  more  important  method  pursued 
in  the  formation  of  the  glucoses  is  to  reduce  the  monocarboxylic  acids 
(their  lactones)  with  sodium  amalgam  in  acid  solution  (£.  Fischer,  B. 
23,  930).  (4)  Different  optically  inactive  hexoses,  particularly  a-acrose 
or  [d  -j- 1]  fructose  (p.  552),  have  been  directly  synthesized  by  the  con- 
densation of  formic  aldehyde,  CH,0,  and  glyceric  aldehyde. 

E.  Fischer  (1890)  effected  the  complete  synthesis  of  grape-sugar  and 
fruit-sugar  by  these  methods. 

Properties. — The  hexoses  are  mostly  crystalline  substances,  very 
soluble  in  water,  but  dissolving  with  difficulty  in  alcohol.  They  pos- 
sess a  sweet  taste.  The  representatives  of  the  hexoses  occurring  in 
nature  rotate  the  plane  of  polarization,  when  insolation,  either  to  the 
left  or  to  the  right.  The  image  isoraerides  of  the  more  important 
hexoses  found  in  nature  have  been  prepared  artificially,  and  by  the 
union  of  the  corresponding  dextro-  and  laevo-forms  the  optically  in- 
active [d  -f- 1]  varieties  have  been  obtained.  One  of  these,  [d  -|-  ^ 
fructose  or  a-acrose,  has  been,  as  previously  mentioned,  directly  syn- 
thesized. 

Transformations,  — ^The  hexoses  show  the  common  reactions  of  the 
alcohols,  the  aldehydes,  and  the  ketones. 

(i)  The  alcoholic  hydrogen  of  the  glucoses  can  also  be  replaced  by 
metals  on  treating,  them  with  CaO,  BaO,  and  PbO,  forming  saccha- 
rates y  which  correspond  to  the  alcoholates,  and  which  are  again  de- 
composed by  carbon  dioxide. 

(2)  On  treating  the  alcoholic  solutions  of  the  hexoses  with  a  little 
gaseous  hydrochloric  acid,  their  ethers  result :  glucosides  of  the  alcohols 
(B.  26,  2400;  29,  2927). 

(3)  The  hexoses  combine  with  aldehydes,  particularly  with  chloral, 
and  with  ketones,  in  the  presence  of  inorganic  acids.  An  exit  of  water 
occurs  (B.  28,  2496). 

(4)  The  hydrogen  of  the  hydroxyls  can  be  readily  replaced  by  acid 
radicals.  The  mixture  of  nitric  and  sulphuric  acids  (p.  303)  converts 
them  into  esters  of  nitric  acid — the  nitro-compounds  (p.  473).  The 
acetyl  esters  are  best  obtained  by  heating  them  with  acetic  anhydride 
and  sodium  acetate  (or  ZnCl,).  Five  acetyl  groups  are  thus  intro- 
duced (B.  22,  2207).  The  benzoyl  esters  are  prepared  with  even  less 
difficulty,  it  being  only  necessary  to  shake  the  hexoses  with  benzoyl 
chloride  and  caustic  soda  (p.  304).  Pentabenzoyl  derivatives  are 
then  formed  (B.  22,  R.  668;  24,  R.  971). 

An  elementary  analysis  will  not  yield  a  positive  conclusion  as  to  the  number  of 
actdyls  that  have  entered  compounds  like  those  just  mentioned.     This  is 
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by  first  saponifying  them  with  titrated  alkali  solutions,  or,  better,  with  magnesia  *(B. 
I  a,  1 531)-  ^9  ^®  acetic  esters  are  decomposed  by  boiling  them  with  dilute  sulphuric 
acid.  The  acetic  acid  that  distils  over  is  then  titrated  (A.  aao,  217 ;  B.  23,  1442). 
The  presence  of  hydroxy!  in  the  glucoses  may  also  be  proved  by  means  of  phenyliso* 
cyanate,  with  which  they  form  carbanilic  esters  (B.  zB,  2606). 

(5)  Alkyl -sulphuric  acids  result  upon  treating  the  glucoses  with  chlorosulphonic 
add,  QHSO,.  This  is  similar  to  the  behavior  of  alcohols  when  exposed  to  like  treat- 
ment (B.  17,  2457). 

The  following  reactions  show  the  aldehyde  and  ketone  character  of 
the  hexoses : 

(i)  By  reduction  (action  of  sodium  amalgam)  they  become  hexa- 
hydric  alcohols.  d-Mannose  and  d-fructose  yield  d-mannitoV  g^tlac- 
tose  yields  dulcitol,  and  d-sorbite  seems  to  result  from  the  reduction 
of  d-glucose  (grape-sugar). 

(2)  The  oxidation  of  the  hexoses  does  not  occur  directly  upon 
exposure  to  the  air.  Oxidizing  agents  are  necessary.  Hence  they 
show  feeble  reducing  power.  They  precipitate  the  noble  metals  from 
solutions  of  their  salts,  and  even  reduce  ammoniacal  silver  solutions  in 
the  cold.  A  very  marked  characteristic  is  their  ability  to  precipitate 
cuprous  oxide  from  warm  alkaline  cupric  solutions  (this  is  accelerated 
by  tartaric  acid).  One  molecule  of  hexose  precipitates  about  five 
atoms  of  copper,  as  Cu,0.  This  is  the  basis  of  the  volumetric  method 
for  the  estimation  of  the  glucoses  by  means  of  Fehling's  solution. 
Maltose  and  milk-sugar,  of  the  di-  and  polysaccharides,  only  act 
directly  upon  the  application  of  heat.  The  others  must  be  first  con- 
verted into  glucoses  (p.  573). 

To  prepare  Fehling*s  solution,  dissolve  34.65  grams  of  crystallized  copper  sulphate 
in  water,  Uien  add  200  grams  Rochelle  salt  and  Soo  c.cm.  of  NaOH  (sp.  gr.  1.1200), 
and  dilute  the  solution  to  I  litre.  0.05  gram  hexose  is  required  to  completely  reduce 
locc.  of  this  liquid.  The  end  reaction  is  rather  difficult  to  recognize,  hence  it  is 
frequently  recommended  to  estimate  the  separated  cuprous  oxide  gravimetrically  (B. 
13,  826;  27,  R.  607,  760;  29,  R.  802).  Consult  B.  23,  1035.  for  Soldaini's  sug- 
gestion of  using  a  copper  carbonate  solution  for  the  estimation  of  the  hexoses. 

The  hexoses  are  converted  into  their  corresponding  monocarboxylic 
acids  (p.  564)  by  moderated  oxidation  with  chlorine  and  bromine 
water,  or  silver  oxide.'  More  energetic  oxidation  changes  them  (as 
well  as  nearly  all  carbohydrates)  to  saccharic  or  mucic  acids.  Milk- 
sugar  yields  both  acids  at  the  same  time. 

The  aldohexoses  produce  a  red  coloration  in  a  sulphite-fuchsine  solution,  while  the 
aldoketoaes,  like  fructose  and  sorbinose,  do  not  show  this  reaction  (B.  27,  R.  674). 
The  penta-acetyl  and  pentabenzoyl  derivatives  of  the  dextroses  and  galactoses  no 
longer  show  the  aldehyde  character  (B.  21,  2S42 ;  22,  R.  669).  Hence,  it  was  sup- 
posed that  the  hexoses  possessed  a  constitution  like  ethylene  oxide  or  a  lactone  (B.  22, 
221 X  ;  2Z,  284X  ;  23,  21 14;  26,  2403 ;  28,  30S0). 

(3)  The  aldoses  yield  mercaptals  with  mercaptans,  in  the  presence 
of  hydrochloric  acid  (B.  27,  673). 

(4)  Oximes  are  produced  when  alcoholic  hydroxylamine  acts  upon 
the  hexoses.    To  break  down  the  aldoses  the  acetyl  oxyacid  nitriles, 

46 


54^  ORGANIC  CHEMISTRY. 

obtained  from  the  aldoximes  and  acetic  anhydride, '  are  split  into 
prussic  acid  and  acetyl  pentoses  (p.  535)  (B.  24,  993 ;  26,  730). 

(5/1)  Osamioes  are  formed  when  the  hexoses  are  acted  upon  with  methjl  alcoholic 
ammonia. 

(5^)  The  hexoses  and  aniline,  as  well  as  its  homologues,  yield  the  antlides— ^.  p^., 
dextrose  anilide,  CH,OH[CH  .  OHJ^CH  :  N .  C^Hj,  which  form  cyanides  wiih  CNH 

— /.^.,anilidodextrose-cyanide,  CH,OH[CH  .0H]4.  CH<^^q^jT   (B.  27,1287). 

(6)  Hydrazine  converts  the  aldohexoses  into  aldazines,  and  the  ketohexoces  into 
ketazines  (p.  220)  (B.  29,  2308). 

(7)  The  phenylhydrazine  derivatives  are  especially  interesting  (pp. 
192,  207,  328).  If  one  molecule  of  the  phenylhydrazine  (acetate)  is 
allowed  to  act,  the  first  product  will  be  a  hydrazane^  CeHuOs .  (N .  - 
NH  .  CeHj).  This  class  of  compounds  dissolves  readily  in  water  (with 
the  exception  of  those  derived  from  the  man  noses  and  the  higher  glu- 
coses, B.  23,  21 18).  They  generally  crystallize  from  hot  alcohol  in 
colorless  needles.  Cold  concentrated  hydrochloric  acid  resolves  them 
into  their  components.  Benzaldehyde  is  also  an  excellent  reagent  for 
the  decomposition  of  the  phenylhydrazones  (A.  288,  140). 

Diphenylhydrazine,  H,N .  N(CjH5),,  often  produces  diphenylhydrazones,  CgH„- 
06:N,(CeH5),  (B.  23,  2619). 

In  the  presence  of  an  excess  of  phenylhydrazine  the  hexoses,  like  all 
glucoses,  combine  with  two  molecules  of  it  upon  application  of  heat 
and  form  the  osazones  (E.  Fischer) : 

CeH„0,  +  2H,N .  NH .  CeH^  =  C,H,oO,(N .  NH  .  CeH^),  +  2H,0  -f  H,. 

Glucosazone. 

The  reaction  is  carried  out  by  adding  two  parts  of  phenylhydrazine,  two  parts  of 
50%  acetic  acid,  and  about  twenty  parts  of  water  to  one  part  of  glucose.  This 
mixture  is  digested  for  about  one  hour  upon  the  water  bath.  The  osazone  then  sep- 
arates in  a  crystalline  form  (B.  17,579;  20,  82X  ;  23,  2117).  In  this  reaction  a 
hydrazone  is  first  produced,  and  one  of  its  alcohol  groups,  adjacent  to  either  an  aide- 
hyde  or  ketone  group,  is  oxidized  to  CO  (inasmuch  as  two  hydrogen  atoms  in  the 
presence  of  phenylhydrazine  produce  aniline  and  ammonia),  which  then  acts  further 
upon  a  second  molecule  of  phenylhydrazine.  One  and  the  same  glucosaxone,  CH,- 
(OH)  .  (CH  .  OH),  .  C(N,H  .  Q^^  .  CH(N,H.  CeHj)  (see  B  23,  2118).  is  thus 
obtained  from  d-mannose,  d  glucose,  and  d-fructose.  This  would  indicate  that  the  four 
carbon  atoms  which  did  not  enter  into  reaction  with  phenylhydrazine  contain  the 
atoms  or  groups  of  atoms  with  which  they  are  combined  similarly  arranged. 

The  osazones  are  yellow-colored  compounds  (see  tartrazine,  p.  5^)*  They  are 
usually  insoluble  in  water,  dissolve  with  difficulty  in  alcohol,  and  crystallize  quite 
readily.  When  glucosazone  is  reduced  with  zinc  dust  and  acetic  acid  it  becomes  iso- 
glucosamine  (p.  552).  Nitrous  acid  converts  the  latter  into  fructose  (B.  23,  21 10). 
The  reformation  of  the  hexoses  from  their  osazones  is  readily  effected  by  digestion 
with  concentrated  hydrochloric  acid ;  they  are  then  resolved  into  phenylhydraxine 
and  the  osones  (B.  22,  88;  23,  2120) : 

CeH,,0,(N,H  .  C.H,),  -f  2H,0  = 
Glucosazone 

CH,(OH) .  (CH .  OH), .  CO .  COH  -f  2N,H, .  C,H,. 

Clucosone. 
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The  osones  dissolye  readily  in  water,  and  have  not  been  obtained  free.  Thej  com- 
bine, like  ketone-aldehydes,  with  two  molecules  of  phenylhydrazine  and  form 
osazones.  They  are  converted  into  glucoses  by  reduction  (when  digested  with  zinc 
dust  and  acetic  acid).  In  this  way  fruit-sugar  is  prepared  from  glucosazone  (B.  23, 
2121). 

The  osones,  like  all  oitho-dicarbonyl  compounds,  yield  quinoxalines  (B.  23,  21 21) 
with  the  orthodiamines.  The  glucoses  also  combine  directly  with  the  ortho-phenylene- 
diamines  (B.  ao,  281). 

(8)  Benzoyl  hydrazide,  or  beozhydrazide,  NH, .  NH .  CO .  CgH.,  combines  with  the 
aldohexoses  to  benzosazones,  which  contain  four  beozhydrazide  residues  (B.  29, 
2310) : 

C^HuOe  +  4NH, .  NH .  CO .  C,H,  =  C,H,0,(H .  NH .  COC^H^)^  +  4H,0  +  3H,. 

(9)  Being  aldehydes  or  ketones,  the  hexoses  combine  with  hydro- 
cyanic acid,  forming  cyanhydrins,  which  yield  monocarboxylic  acids 
(P-  5^7)-  Their  lactones  can  in  turn  be  reduced  to  aldoses,  whereby 
the  synthesis  of  the  monoses  is  achieved.  Usually  in  the  hydrogen 
cyanide  addition  the  nitriles  of  both  the  acids  possible  theoretically 
are  produced,  but  not  in  equal  amounts. 

These  two  reactions  :  (i)  the  hydrogen  cyanide  addition  to  the  aldoses,  and  (2) 
reduction  of  the  lactones  of  the  oxycarboxylic  acids,  obtained  from  the  nitriles,  by 
means  of  sodium  amalgam  make  possible  the  genetic  connection  of  the  following 
aldoses  (B.  ay,  3192)  : 


1-Arabinose 


1-Xylose 

Rhamnose 
d-Mannose 


d-Glucose 


d-Galactose 


■>•  I-Mannoheptose 


y.  l-Mannose    •^— 

^  l-Glucose 
^  1-Idose 

^  l-Gulose 

>•  d-Rhamnohexose >-  Rhamnoheptose 

>-d-Manno-octose 

y^  a-Gluco-octose 

"^  /3-Gluco-octose 


->•  d-Mannoheptose 

y^  a-Glucoheptose 

^  /}-Glucoheptose 
y,  a-Galaheptose 

^  /?-Galaheptose 


Rhamno-octose 
d-Mannononose 
GlucoDonote 


■>•  Galaoctose 


(10)  Fermentation  of  the  Hexoses, — ^The  ready  lermentation  of  the 
hexoses  when  exposed  to  the  action  of  schizomycetes  is  characteristic 
of  them.     They  sustain  various  decompositions. 

1.  The  alcoholic  fermentation  of  the  hexoses  is  the  most  important 
decomposition  of  some  of  the  aldohexoses.  It  is  induced  by  yeast 
cells.  d-Glucose  or  grape-sugar,  d-mannose,  d-galactose,  and  the 
keto-hexoses,  d- fructose  or  fruit-sugar,  are  affected  in  this  manner. 
This  subject  was  exhaustively  considered  under  ethyl  alcohol  (p.  1 20). 
The  other  hexoses  are  not  altered  by  the  yeast  fungi  (B.  27,  2030). 

2.  In  the  laciU  acid  fermentation,  the  hexoses,  milk-sngar,  and  gums  decompose 
directly  into  lactic  add : 

C;HuO^  =  2C,H,0,. 
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The  actiTe  agents  ue  little,  wand-like  organisms  (bacteria  and  microoocci). 
Deca]ring  albuminous  matter  (decaying  cheese)  is  requisite  for  their  development, 
and  it  onlj  proceeds  in  liquids  which  are  not  too  acid  (p.  335).  The  temperature 
most  favorable  varies  from  30-50^.  By  prolonged  fermentation  the  lactates  suffer 
butyric  fermentation;  this  is  owing  to  the  appearance  of  other  bacilli  (p.  247) : 
2C,HX),  =  QHjO,  -f  2CO,  -h  aH,. 

3.  In  mtuous  fermentation  chain-like  cells  (of  0.001  mm.  diameter)  ^ypear. 
These  convert  grape-sugar,  with  evolution  of  carbon  dioxide,  into  m  mncoas,  gumoqr 
substance ;  mannitol  and  lactic  acid  are  formed  at  the  same  time. 


sA.    ALDOHBZ08B8. 

(i)  Mannose,  CeHuO«,  is  the  aldehyde  of  mannitol.  Like  the 
latter,  it  exists  in  three  forms  (p.  540) :  dextro-,  lavo-,  and  inactive 
[d  -f*  1]  mannose  (spacial  formulas,  p.  558 ;  constitution,  p.  561). 

A-Mdnnose^  Seminose^  melting  at  136®,  was  first  prepared  by  oxidizing  ordinary 
d-mannitol  (together  with  d- fructose)  with  platinum  black  or  nitnc  acid  (B.  aa,  365). 
It  is  also  obtained  from  salep  mucus,  and  most  easily  from  seminine  (reserve-cellulose), 
occurring  in  different  plant  seeds,  when  this  is  boiled  with  dilute  sulphuric  acid 
(hence  called  seminose)  (B.  aa,  609,  3218).  d-Mannonic  acid  yields  it  upon  reduc- 
tion. It  reduces  Fehling^s  solution,  and  is  fermented  by  yeast  (B.  aa,  3223).  When 
treated  with  alkalies  it  changes  partly  to  d-glucose  and  d-fructose  (B.  a8,  3078).  Its 
kydrazone  dissolves  with  difficulty  in  water,  and  melts  at  195°.  Benzaldehyde 
decomposes  it  into  pure  crystallized  d-mannose  (B.  ag,  R.  913).  Its  osasone,  QHio~ 
04(N,H  .  QHj),,  is  identical  with  d-glucosazone.  d-Afannosoxime  melts  at  184^  (a. 
a4.  699).  Nascent  hydrogen  converts  it  into  d-mannitol.  Bromine  oxidizes  it  to 
d-mannonic  acid.  Hydrocyanic  acid  causes  it  to  pass  into  d-mannoheptonic  acid 
(p.  567). 

MetAyl-d'Afannoside^C^n^fi^.Cn^,  melts  at  190®,  [o]*^  =  +  79.2<»  (B.  ag, 
2928). 

d-Mannose-ethylene  Mercaptal,  C^H^Os  :  S^CiH^,  melts  at  153^  (B.  ap,  549). 

l-Mmnnose  results  when  1-mannonic  acid  (its  lactone)  is  reduced  (p.  566,  B.  33, 
373).  It  is  very  similar  to  the  preceding  compound,  but  is  laevo-rotatory,  and  is  fer- 
mented with  more  difficulty.  Its  kydrazone  also  dissolves  with  difficulty,  and  melts 
at  195^.  It  unites  with  two  molecules  of  phenylhydrazine  to  form  1-glucosazone 
(see  below).     It  becomes  I-mannitol  by  reduction.    Methyl-l-mannoaide  melts  at 

»90** ;  [«]  ^  =  —79-4**  {^'  a9»  2929). 

[d  -{-  1]  Mannose  is  formed  (i)  by  the  oxidation  of  a-acrite  or  [d  -f- 1]  mannitol 
(p.  541),  which  can  be  obtained  by  the  reduction  of  synthetic  a-acrose  or  [d  -{-  1] 
fructose ;  (2)  by  the  reduction  of  inactive  [d  -j- 1]  mannonic  acid.  It  is  quite  similar 
to  the  two  preceding  compoands,  but  is  inactive.  Its  hydratone  dissolves  with 
difficulty,  melts  at  195^,  and  is  inactive.  Its  osazone  is  i-glucosazone,  identical  with 
a-acrosazone.  Yeast  decomposes  it,  the  d-mannose  is  fermented,  and  l-mannose 
remains  (B.  23,  382).  Methyl  [d  -f- 1]  mannoside,  melting  at  165°,  is  obtained 
from  the  solution  of  equal  quantities  of  its  components  at  15®.  Below  8^  the 
components  crystallize  out  separately  (B.  29,  2929). 


(3)  Glucose,  QHisOe,  is  probably  the  aldehyde  of  sorbite,  and 
occurs  as  dextro-,  laevo-,  and  inactive  [d  + 1]  glucose  (p.  558). 

d-Glucose,  or  Grape  Sugavy  formerly  called  dextrose^  occurs 
(always  with  fruit  sugar)  in  many  sweet  fruits  and  in  honey;  also  in 
the  urine  in  Diabetes  meliitus.  It  is  formed  by  the  hydrolytic  decom- 
position of  poly-saccharides  (cane  sugar,  starch,  cellulose)  and  gluco^ 
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sides.  It  is  prepared  on  a  large  scale  by  boiling  starch  with  dilute 
sulphuric  acid  (see  B,  13,  1761).  The  synthesis  of  grape  sugar  has 
been  made  possible  by  the  production  of  glucose  in  the  reduction  of  the 
Icutone  of  d-gluconic  acid  Q^.  5^^)* 

Commercial  grape  sugar  is  an  amorphous,  compact  mass,  containing  only  about  60 
per  cent,  glacose,  along  with  a  dextrine-like  substance  (galiesine,  C1JH24O10),  which 
IS  not  fermentable  TB.  17,  2456). 

The  best  method  for  preparing  pure  crystallized  grape  sugar  consists  in  adding  to 
80  per  cent,  alcohol,  mixed  with  -j^^  volume  fuming  hydrochloric  acid,  finely  pulver- 
ized cane  sugar,  as  long  as  the  latter  dissolves  on  shaking  (J.  pr.  Ch.,  ao,  244). 

Grape  sugar  crystallizes  from  water  at  the  ordinary  temperature,  or 
dilute  alcohol,  with  one  molecule  of  water,  in  nodular  masses,  melting 
at  86®;  at  no®  it  loses  its  water  of  crystallization.  At  30-35°  it 
crystallizes  from  its  concentrated  aqueous  solution,  and  from  its  solu- 
tion in  ethyl  or  methyl  alcohol,  in  anhydrous,  hard  crusts,  melting  at 
146®  (B.  15,  1105). 

Grape  sugar  is  not  quite  so  sweet  to  the  taste  as  cane  sugar,  and 
serves  to  doctor  wines. 

Aqueous  grape  sugar  is  dextro-rotatory  [a]o  =  52.6^,  and  exhibits  hi-rotatory 
power,  i,  /.,  the  freshly  prepared  solution  deviates  the  polarized  ray  almost  twice  as 
strongly  as  it  does  after  standing  some  time.  At  ordinary  temperatures  the  deviation 
does  not  become  constant  until  the  expiration  of  twenty-four  hours,  whereas  when 
boiled  it  does  so  in  the  course  of  a  few  minutes.  The  chaxige  in  rotation  is  due  to 
the  production  of  different  oxide- modifications  (B.  a8,  R.  461),  when  probably  a 
non-asymmetric  carbon  atom  becomes  asymmetric  (B.  a8, 3081 ;  29,  203).  Further- 
more, the  specific  rotation  of  dextrose  is  appreciably  augmented  by  concentration  (B. 
>^t  2234).  This  is  dependent  upon  the  decomposition  of  more  complex  crystal- 
molecules  into  norma]  molecules.  This  has  been  proved  by  determinii^  the  molecular 
weight  by  the  method  of  Raoult  (B.  2X,  R.  505). 

Grape  sugar  exhibits  all  the  properties  of  the  aldoses  (p.  544). 
a-  and  P-Fhenylhydrazone  melt  at  145®  and  at  116°  (B.  aa,  R.  669). 

d -  Glucosazane  melts  at  1 45  ^ ;  the  /9- variety  at  204-205  ^.  Its  aqueous 
solution  is  laevo-rotatory.  It  may  also  be  prepared  from  d-mannose 
and  d fructose^  as  well  as  from  glucosamine  and  isoglucosamine. 
Concentrated  hydrochloric  acid  converts  d-glucosazone  into  phenyl- 
hydrazine  and  glucosone^  QHiqOi  (p.  546) ;  which  regenerates  d-glu- 
cosazone with  two  molecules  of  phenylhydrazine.  It  is  a  non-fer- 
mentable syrup,  and  if  it  be  reduced  with  zinc  and  acetic  anhydride, 
is  converted  into  fruit  sugar  (=  d-fructose)  (B.  22,  88). 

When  grape  sugar  is  reduced  it  yields  d-soibite,  and  when  oxidized,  d-gluconic  acid 
and  d-saccharic  acid.  An  alkaline  copper  solution  converts  it  into  formic  acid,  oxalic 
acid,  tartronic  acid,  lactic  acid,  glyceric  acid,  and  pyrocatechin  (B.  27,  R.  788). 
Hydrocyanic  acid  changes  it  to  glucose  carboxylic  acids  (p.  568^,  and  lime  water  to 
saccharonic  acid.  It  is  partially  changed  to  d-mannose  and  d-fhictose  by  alkalies 
(B.  a8,  3078). 

Saccharates. — ^With  baryta  and  lime  grape  sugar  forms  saccharates,  like  C^H,,- 
Oe*  CaO,  and  C^HisO, .  BaO.  These  are  precii^tated  by  alcohol.  With  NaCl  it 
forms  large  crystals,  2C^H|,0| .  NaCl  -f  H,0,  which  sometimes  separate  in  th« 
evaporation  of  diabetic  urine. 
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Alkyl-d-glucosidea. — The  glucosides  are  the  ethereal  deriTatives  of  the  glucoses. 
Those  of  gimpe  sugar  particularly  are  frequently  found  in  the  vegetable  kingdom. 
They  generally  contain  the  residues  of  aromatic  bodies,  and  therefore  will  be  dis- 
cussed later.  The  simplest  glucosides  are  the  alkyl  ethers  of  the  sugars,  which  are 
produced  in  the  action  of  HCl  upon  alcoholic  sugar  solutions  (B.  aS,  1 151). 
Fehling*s  solution  and  phenylhydrasine  at  loo^  do  not  affect  the  alkyl-d-glucosides. 
However,  they  are  decomposed  into  their  components  when  boiled  with  dilute  acids. 
These  properties  argue  for  the  alkylen-ozide  formulas  for  the  alkyl  glucosides  (B. 
98,3081),/.^..* 


OR 

« 

[CHOH], 
CHjOH 


or 


a-  and  p  Methyl  Qlucoeide,  C,Hj,Of  .CH„  melting  at  i65<>  and  io7<*,  differ 
stereochemical ly.  They  are  simultaneously  formed  in  the  action  of  hydrochloric  acid 
and  methyl  alcohol  upon  grape  sugar.  The  a -body  is  decomposed  by  invertin,  but 
this  is  not  the  case  with  the  ^-compound  (B.  ay,  R.  885 ;  ay,  2479,  2985  ;  a8,  1145). 

d-Qlucoae  Mercmptal,  CH,20|(SC,H5)„  melting  at  127^,  is  obtained  from 
d-glucose,  mercaptan,  and  HCl.  d-Olucose-ethylene  Mercaptal,  C|H,,0«  :  S,C,- 
H^,  melts  at  143^.  d-Glucose-trimethylene  Mercaptal,  CLH^Og:  S,C^H^,  melts 
at  130°.  d-Glucoaebenxyl  Mercaptal,  Ct^uOsCS^^s  •  ^"5)t>  °^^1^  '^  '33^  C^- 
a9.  547). 

d-Qlucoae  Monacetone,  C^HiJD,  :  C(CH,),,  melts  at  156®. 

dOlucoae  Diacetone,  C^HtOelCCCH,),],,  melti  at  I07<*  (B.  a8,  2496). 

d-Chloralose,  melting  at  189°,  and  d-Parachloralose,  C^H„Cl,Og,  melting  at 
227^,  are  two  isomeric  bodies,  produced  by  the  rearrangement  of  d*glucose  with 
chloral  (B.  ay,  R.  471 ;  ag,  R.  177). 

d-Acetochlorhydrose,  CfH^O(OCOCH,)fCI,  results  on  heating  d-glucose  with 
acetyl  chloride,  and  has  been  employed  in  the  synthesis  of  d-glucosides. 

d-Gluco80xime,  C,Hj,0(NOH,  melting  at  137°,  when  acted  upon  with  acetic 
anhydride  and  sodium  acetate,  yields  pentacetyl-d-glucono-nitrile  (p.  566),  from 
which  d-arabinose  was  isolated  (p.  536).  These  are  reactions  which  render  possible 
the  breaking-down  of  the  aldoses. 

A-Glucose-amidoguanidine  Chloride^  C, H„0. .  CN.H4 .  HQ,  melting  at  1650,  is 
obtained  from  d-glucose  and  amido-guanidme  chlorhydrate  (B.  ay,  971). 

d-Glucosealdatim,  CH,OH[CH.  OHJ^CH  :  N— N  :  CH[CH .  OHJ^CHjOH,  is 
very  hygroscopic  (B.  ag,  2308). 

l-Qlucose  is  formed  when  the  lactone  of  l-g1uconic  acid  is  reduced.  It  Is 
perfectly  similar  to  grape  sugar.  It  melts  at  143^,  but  is  Isvo-rotatory,  [a]i,= 
— 5 1 .4°.  Its  glucosazone  is,  however,  dextro-rotatory.  Its  diphenylkydratont^  ^^u~ 
O5  :  N  .N(aH()„  dissolves  with  difficulty,  and  melts  at  i63<»  (B.  23.  2618). 

[d  -{-  ll-Olucose  results  from  the  union  of  d-  and  1-glucose,  and  by  the  reduction 
of  fd  4-  Ij-gluconic  lactone.  Phenylhydrazine  converts  it  into  [d  -f-  yVgituosatone^ 
C0HjoO5(N|H  .  CgHg),.  This  may  also  be  obtained  from  i-mannose.  It  crystallises 
in  yellow  needles,  melting  at  217-2x8°.  The  same  [d  •\- 1] -glucosazone  is  produced 
from  synthetic  a-acrose  (fd  -|-  l]-fructose),d-mannose, d-glucose,  andd-finctose  (fruit- 
sugar)  (B.  as,  383,  2620). 

Qlucoaamine,  CgHj.NO«,  is  produced  on  warming  chitine  (found  In  lobster 
sl^clls)*  germ  cellulose  01  Boletus  edulis,  with  concentrated  HQ  (B.  zy,  243).     Nitric 
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add  oxidizes  it  to  isosaccharic  add  (p.  571)  (B.  19,  1257;  ao,  2569),  and  nitroiis 
add  to  chitose  (B.  27,  140).     It  furms  d-glucosazone  with  phenylhydrazine. 

Glucosamint'Oxime  Hydrochloride,  C,HiiC\(NH,)(NOH)HCl,  mtlts  at  l66»  (B. 

a9.  X392). 

(3)  Qulose,  CHjOHfCHOHl^CHO  (space  fonnula,  pp.  558,  559),  the  second 
aldehyde  of  sorbite,  is  likewise  known  in  its  three  modifications,  lliey  are  formed 
by  the  reduction  of  the  lactones  of  the  three  gulonic  acids  (p.  566),  and  by  further 
reduction  yield  the  sorbites.  They  are  S3nrups  and  are  not  fermented  by  yeast.  The 
name  gulose  is  intended  to  indicate  their  relationship  to  glucose,  the  first  aldehyde 
of  sorbite.  1-  and  [d  4-  1]  Gulose  Phenylhydraxone  melts  at  143^.  X-GulosoMone 
melts  at  156^.     [d  +  1]  Gulosatane  melts  at  157-159^. 

(4)  d-  and  l-IdoBes  are  prepared  by  the  reduction  of  the  idonic  acids  or  their  lac- 
tones (p.  567).     They  yield  d-  and  1-idite  on  reduction  (p.  541)  (space  formula,  p. 

(5)  Galactose,  the  aldehyde  of  inactive  dulcite  (p.  541),  formed  by  intramolecular 
compensation,  is  known  in  three  varieties.  The  [d  -j-  1]  galactose,  melting  at  140- 
142^,  results  from  the  reduction  of  the  lactone  of  [d  ■\-  Ij  galactonic  acid,  and  when 
fermented  with  beer  yeast  it  becomes  1-galactose.  Ixs  phenylAydrajume  melts  at  158- 
160^ ;  its  osatcne  at  206^. 

\-GalactosetXDt\i\ikg9X  162-163®  (see  p.  559)»  yields  dulcite  in  reduction,  and  mucic 
add  when  it  is  oxidized.  Its  phenyl bydrazone  melts  at  158-160® ;  its  osazone  melts 
at  206®. 

A- Galactose,  CH,OH[CHOH]«CHO,  melting  at  160®,  is  dextro-rotatory  and  fer- 
mentable (B.  az,  1573)  (see  also  p.  559;  B.  27,  383).  It  is  formed  along  with 
d-glucose  in  the  hydrolysis  of  milk  sugar,  of  galactite,  CgHjgO^,  a  beautifully  crystal- 
lized body  (B.  29,  896),  and  of  various  gums  (called  galactans)  (B.  ao,  1003),  which 
nitric  acid  oxidizes  to  mucic  acid.  In  preparing  it,  boil  milk  sugar  with  dilute 
sulphuric  add  (A.  aay,  224).  Dulcite  is  formed  by  its  reduction,  and  galactonic 
and  mudc  acids  by  its  oxidation.  CNH  and  hydrochloric  acid  change  it  to 
galactose  carboxylic  add  (p.  568).  a-  and  /S-Methyl-d-galactoside  melt  at  iii® 
and  173-175°.  Emulsion  decomposes  the  second  (B.  a8,  1429).  Galacto- 
chloral  melts  at  ao2®  (B.  29,  R.  544).  Gmlactosamine  (B.  29,  R.  594).  The 
oxime  melts  at  175®.  The  osazone  melts  at  193®.  Galactose  amidoguanidine 
chloride  (B.  28, 2613).  The /m/Ar//>'/ derivative  melts  at  142®  (B.  aa,  2207).  The 
etAyl  mercaptal  mtXts  at  1 27®.     The  ethylene  mercaptal  mt\\:i  at  149®  (B.  29,  547). 

(6)  d-Talose,  CH,OHrCHOH]«CHO,  is  formed  by  the  reduction  of  the  lactone 
of  d-talonic  acid  (p.  567)  (B.  a4,  3625).      Space  formula,  p.  559;  compare  B. 

a?.  383- 

(7^  Rhamnohexose,  Methyl  Hexose,  CH,.  CHOH[CHOH]^  .  CHO,  melting  at 

x8i®,  is  produced  by  the  reduction  of  rhamnose  carboxylic  add.     The  osattme  melts 

at  200®.    It  forms  methyl  heptonic  add  with  hydrocyanic  and  hydrochloric  acids. 


3  A.    KETOHEXOSES. 

I.  Fructose,  CH,OH[CHOH],CO .  CH,OH,  occurs  as  d-,  1-,  and 
[d  +  1]  varieties. 

d-Pructose,  Fruit  Sugar,  Laevulose  (space  formula,  p.  563), 
melting  at  95^,  crystallizes  with  difficulty,  and  occurs  in  almost  all 
sweet  fruits,  together  with  grape  sugar.  It  was  discovered  in  1847  ^y 
Dubrimfaut.  It  is  formed,  (i)  together  with  an  equal  amount  of  grape 
sugar,  in  the  decomposition  of  cane  sugar,  and  is  separated  from  the 
latter  through  the  insolubility  of  its  calcium  compound  (6.  28,  R.  46). 
As  fruit  sugar  rotates  the  plane  of  polarization  more  strongly  toward 
the  left  than  grape  sugar  does  to  the  rights  in  the  decomposition  of 
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the  d-cane  sugar  a  laevorotatory  invert  sugar  solution  (p.  120)  results. 

(2)  Exclusively  from  inuline,  on  heating  it  with  water  to  xoo^  for 
twenty-four  hours,  wh^n  it  is  completely  changed  to  laevulose  (A.  205, 
162;  B.  23,  2107).  It  can  also  be  obtained  from  secalose^  a  carbo- 
hydrate contained  in  green  barley  plants  (B.  27,  3525). 

(3)  It  is  formed  together  with  d-mannose  in  the  oxidation  of  d-man- 
nitol. 

(4)  From  d-glucosazone,  which  has  been  prepared  from  d-glucoseor 
grape  sugar,  as  well  as  from  d-mannose.  This  method  of  formaiitm 
allies  fruit  sugar  gemticaUy  with  d-glucose  and  d-numnase  ([x  548). 
Hence,  in  spite  of  its  Isevorotation  of  [a]^  =  — 71.4**  (B.  ig,  393),  it 
is  called  d-fructose.  Fruit  sugar  dissolves  with  greater  difficulty  than 
grape  sugar.  By  reduction  it  yields  d-mannitol  and  d  sorbite,  and 
when  oxidized  the  products  are  trioxy butyric  acid  and  glycollic  acid. 
It  is  partially  converted  into  d-glucose  and  d*mannose  by  alkalies  (B. 
28,  3078).  Heated  under  pressure  with  a  little  oxalic  acid,  d-fructose 
becomes  i9-oxy ^-methyl  furfurol  (B.  28,  R.  786).  It  yields  d-fruc- 
tose carboxylic  acid  (p  568)  when  treated  with  hydrocyanic  and  hy- 
drochloric acids ;  this  may  be  reduced  to  methyl  butylacetic  acid,  and 
thus  the  constitution  of  fruit  sugar  is  proved.  Phenylhydrazine  and 
fructose  yield  d-glucosazone,  which  changes  by  reduction  to  isoglucos- 
amine  or  d-fructosamine,  CH,OH[CH  .  OH],CO .  CH, .  NH,  (B.  20, 

2570- 

Methyl'd'fnutoside  (B.  28, 1 160),  lavuio-ckhral^  melu  at  228®  (B.  29,  R.  544). 
I- Fructose  is  produced  by  fermenting  [d  -f- 1]  fmctose  (a-aorose)  with  yeast  (B. 

as.  389). 

Sd  -f- 1]  Fructose  or  a-Acrose. — Sodinm  amalgam  coniperts  it  into  a-acriu^  iden- 
with  i-mannitol.  Yeast  breaks  it  up,  leaving  I -fructose.  Its  osataneis  identical 
with  i-glucosasone,  from  which  i  fructose  can  again  be  regenerated.  a-Aciite  can  also 
jield  i-mannonic  acid,  and  the  latter  fruit  sugar  and  grape  sugar. 

The  fructose  modification,  which  can  be  resolved,  is,  by  virtue  of  its  synthetic 
formation,  of  the  greatest  importance  in  the  synthesis  of  sugars  (p.  553). 

Historical. — Methylenitan  was  the  first  compound,  resembling  the  sugars,  that 
was  prepared.  Butlerow  (1861)  obtained  it  by  condensing  trioxyroethylene  (p.  194) 
with  lime  water.  O.  Loew  (1885)  obtained  formcse  (J.  pr.  Ch.  33,  321)  in  an 
analogous  manner  from  oxymethylene,  and  somewhat  later  the  fermentable  methose^ 
by  the  use  of  magnesia  (B.  aa,  470,  478).  E.  Fischer  considers  these  three  com- 
pounds mixtures  of  different  glucoses,  among  which  a-acrose  occurs  (B.  aa,  360). 
The  latter  (together  with  /7-acrose)  is  obtained  by  the  action  of  barium  hydroxide 
upon  acrolein  bromide,  CsHbOBf,  (E.  Fischer  and  J.  Tafel),and  by  the  condensation 
of  so-called  glycerosc  (p.  477),  a  mixture  of  CH,OH  .  CHOH  .  CHO  and  CH,OH .  - 
CO  .  CHjOH,  obtained  by  the  careful  oxidation  of  glycerol  (B.  as,  389,  2131).  By 
reduction  with  sodium  amalgam  a-acrose  (identical  with  [d  -(- 1]  fructose)  passes  into 
a-acrite,  identical  with  [d  -j-  1]  mannitol. 

2.  Sorbinose,  Sorbose,  ^%^\'fiti^  is  found  in  mountain-ash  berries.  It  is 
incapable  of  fermentation  under  the  influence  of  yeast.  Oxidized  with  nitric  acid  it 
yields  trioxyglutaric  acid.  Its  osazone,  sorbinoseuumif  melts  at  164^.  Methyl  Sor- 
boside  melts  at  1 20-122^  (B.  a8, 1160). 
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sB.  ALDOHBPTOSES,  aC.  ALD0-0CT08ES  and  2D.  ALDONONOSB8 

(E.  Fischer,  A.  370, 64). 

Just  as  aldohexoses  can  be  built  up  from  aldopentoses,  so  can  aldo- 
heptoses  be  obtained  from  aldohexoses,  and  aldo-octoses  from  the 
aldoheptoses,  etc., — ^.  ^.,  hydrocyanic  acid  is  added  to  d-mannose, 
the  lactone  of  the  d-mannoheptonic  acid  is  then  reduced  to  d-manno- 
heptose,  which,  subjected  to  the  same  reactions,  yields  d-raanno- 
octose.  The  heptoses  and  octoses  do  not  ferment.  Heptites,  octites 
and  nonites  are  formed  in  their  reduction  (p.  542). 

d-Manno^heptose,  C^Hi^Of,  is  obtained  from  the  lactone  of  mannoheptonic 
acid  (p.  567).  Perselte  yields  it  when  oxidized  (p.  542).  It  melts  at  135°.  Its 
hydraxone  dissolves  with  difficulty  and  melts  about  198°.  Its  osazone  melts  near 
200^  (B.  23,  2231).  Sodium  amalgam  converts  it  into  perselte  (p.  542).  1-Mmnno- 
heptose  (A.  272,  186). 

a-Qluco-heptose,  Qn^^fi^^  melts  about  190^.  Its  osazone  melts  about  195^. 
/?-Gluco-hepto8e  (A.  270,  72,  87). 

a-Gala-heptose,  C^ H.^O,,  from  a-galaheptonic  acid,  forms  an  osazone  melting 
about  220^.  It  yields  gala-octonic  acid  (p.  567)  with  hydrocyanic  and  hydrochloric 
acids.  /3-Gala-hept08e  melts  with  decomposition  about  190-194^,  and  is  obtained 
from  the  lactone  of  /3-galaheptonic  acid  (A.  288,  139). 

d-Manno-octose,  CgHj^Og,  is  obtained  from  the  lactone  of  manno-octonic  acid 
(B.  23,  2234),  and  is  syrup-Uke.  a-Gluco-octose  (A.  270,  95).  a-Galaoctose 
(A.  288,  150). 

d-Manno-nonose,  C^HjgOg,  the  lactone  of  d-mannonononic  acid,  is  very  similar 
to  grape  sugar.  It  ferments  under  the  influence  of  yeast.  The  hydrazane  melts  at 
223^,  the  osazone  about  227^  (B.  23,  2237).     Glucononose  (A.  270,  104). 


THE  SYNTHESIS  OP  ORAPE  SUGAR  OR  d-GLUCOSE,  AND  OP  PRUIT  SUGAR 

OR  d-PRUCTOS£. 

As  repeatedly  mentioned,  E.  Fischer  succeeded  in  isolating  a-Acrose  or  [d  -j-l] 
Fructose  from  the  condensation  products  of  glycerose  (p.  477)  and  formaldehyde 
(p.  193).  In  his  hands  this  became  the  starting-out  substance  for  the  preparation 
not  only  of  fruit  sugar  or  d-fructose,  and  of  grape  sugar  or  d-glucose,  but  also  of 
d-mannose,  of  ordinary  or  d-mannitol,  and  of  ordinary  or  d-sorbitol,  as  well  as  of  the 
I-modifications  corresponding  to  the  bodies  just  mentioned.  The  intimate  connec- 
tions between  these  substances  are  represented  in  a  diagram  given  on  p.  554. 

Following  the  course  laid  down  in  this  scheme,  which  finally  culminated  in  the 
synthesis  of  fruit  sugar  and  of  grape  sugar,  the  starting-out  material  is  found  to  be 
a-Acrose  or  [d  -f- 1]  Fructose.  This  is  produced  by  the  aldol  condensation  of  glyc- 
erose, a  mixture  of  the  first  oxidation  products  of  glycerol,  throut^h  the  agency  of 
caustic  soda.  The  reduction  of  a-acrose  yields  a-acrite  or  [d  -f- 1]  ntannitol^  which 
is  arrived  at  in  the  following  manner:  When  ordinary  or  di-mannitol  is  oxidized, 
d-mannose  results,  and  the  latter  by  similar  treatment  becomes  d-mannonic  acid, 
which  readily  passes  into  its  lactone,  1-Arabinose  also,  by  rearrangement  through 
prussic  acid,  becomes  X-araHnose-carboxylic  acid  or  \-mannonic  acid.  Its  lactone 
combines  with  the  lactone  of  d-mannonic  acid  and  the  product  is  the  lactone  of 
[d  -f- 1}  mannonic  acid.  Upon  reducing  the  three  lactones  in  sulphuric  acid  solution 
with  sodium  amalgam,  d-,  1-,  and  [d  -|-  1]  mannose,  and  d-,  1-,  and  [d  +  1]  mannitol^ 
formed  by  the  further  reduction  of  the  latter  bodies,  are  produced,  [d  -f  1]  Manni- 
tolls  identical  with  a-acrite  or  a-acrose.  Therefore,  [d  -4- 1]  mannonic  acid  became 
a  very  suitable  starting-out  substance  in  realizing  the  second  synthesis,  because 
o-ecrose  is  very  hard  to  obtain  in  anything  like  a  desirable  quantity. 
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The  coarse  from  [d  -f- 1]  mannonic  acid  divides  in  the  same  waj  to  the  d-deriva- 
tives  as  it  does  toward  the  I-compounds,  because  [d  -|-  1]  mannonic  acid,  like  race- 
mic  acid  (p.  523),  can  be  resolved  by  strychnine  and  morphine  into  d-  and  l-man- 
nonic  acid.  By  the  reduction,  on  the  one  hand,  of  the  lactone  of  d-mannonic  acid, 
d-mannose  and  drmanniiol  are  formed,  and  on  the  other  hand,  d-mannose  and  phenyl- 
hydrazine  yield  d-glucosazone,  which  can  also  be  obtained  from  grape  sugar  or 
d'glucose,  and  fruit  sugar  or  d-fructose. 

d-Glucosazone  yields  glucosone  (p.  546),  and  the  latter  by  reduction  forms  fruit 
sugar  or  d-fructoee. 

To  pass  from  d-mannontc  acid  to  d-glucose,  heat  the  former  to  140^  with  quino- 
line.  It  is  then  partially  converted  into  6,-gluconic  acid.  Conversely,  the  latter  under 
the  same  conditions  changes  in  part  to  d-mannonic  acid,  d- Glucose  or  Grape 
Sugar  is  formed  in  the  reduction  of  the  lactone  of  d-gluconic  acid.  d-Sorbite  is  pro- 
duced when  grape  sugar  is  reduced.  Proceeding  from  1-mannonic  acid,  the 
corresponding  1-derivatives  are  similarly  obtained.  \- Fructose  is  also  formed  by  the 
fermentation  of  [d  -|-  1]  fructose  or  a-acrose,  and  1  mannose  in  like  manner  from 
[d  -{-  1]  mannose. 

The  gulose  groups  and  the  sugar-acids,  produced  in  the  oxidation  of  the  pentaoxy- 
n-caproic  acids,  are  also  considered  in  the  table,  d  Saccharic  acid,  resulting  from 
the  oxidation  of  d  gluconic  acid,  becomes  d-gulonic  acid  on  reduction,  and  the  lac- 
tone of  the  latter  by  similar  treatment  changes  to  d-gulose^  the  second  aldehyde  of 
d-sorbite. 

The  aldohexoses  are  connected  with  the  aldopentoses  (i)  through  X-arabinose^ 
which,  by  the  addition  of  CNH,  as  already  mentioned,  passes  over  into  1-arabinose 
carboxylic  acid  or  1-mannonic  acid,  and  also  into  Vgluconic  acid;  (2)  through  the 
xyhsesy  the  CNH-addition  product  of  which  is  the  nitrile  of  xylose  carboxylic  acid^ 
or  X-gulcmic  acid.  Oxidation  changes  1-gulonic  acid  to  1-saccharic  acid.  \- Gulose 
and  I'Sorbi/e  are  formed  in  the  reduction  of  its  lactone. 


A.   THE  SPACE  ISOMERISM  OP  THE  PENTITES  AND  PENTOSES,  THE 

HEXITE8  AND  HEXOSES. 

The  structural  formula  of  the  normal,  simplest  pentite :  CH,OH  .  CH .  OH .  CH.- 

OH  .  CHOH .  CH,OH,  contains  two  asymmetric  carbon  atoms.  The  CHOH-group, 
standing  between  them  is  the  cause  of  two  possible  inactive  modifications  instead  of 
one  (the  case  with  the  tartaric  acids),  as  the  result  of  an  intramolecular  compensation. 
Furthermore,  theory  permits  of  two  optically  active  modifications,  and  a  fifth  optically 
inactive  form,  arising  from  the  union  of  the  two  optically  active  varieties.  This  is  the 
racemic  or  [d  -f- 1]  modification,  corresponding  to  [d  -f  1]  tartaric  acid  or  racemic 
acid.  These  relations  are  most  quickly  and  readily  made  clear  by  means  of  the 
atom  models.  The  molecule-model  is  projected  upon  the  surface  of  the  paper,  and 
then  formulas  similar  to  those  observed  with  tartaric  acid  are  derived : 

CO,H  CO3H  CO,H 

H.C.OH  HO.C.H  H.C.OH 

HOC.H  HC.OH  H.C.OH 

CO,H  CO,H  CO,H 

d-Tartaric  Acid  l-TarUric  Acid  i-Tartaric  Add. 
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A.  SPACE  laOM BRI8M  OP  THE  PENTITB8  AND  ALDOPSNT08B8. 

The  fonnulas  for  the  four  stereochemically  differeDt  pentites  arise  in  the  same  man- 
ner as  in  the  case  of  the  tartaric  acids.  Suppose  these  four  pentites  to  be  oxidized, 
in  one  instance  the  upper  CHjOH  group,  and  then  the  lower  similar  group  having 
been  converted  into  the  CHO-group,  there  will  result  eight  stereochemically  different 
aldopentose  fonnulas,  none  of  which  passes  into  any  other  by  a  rotation  of  1 80°. 
'llie  number  of  predicted  space- isomcrides  with  n -asymmetric  carbon  atoms,  and  with 
an  asjrmmetric  formula  may  be  more  easily  deduced  by  applying  the  2a  formula  of  van 
*t  Hoflf,  in  which  n  indicates  the  number  of  asymmetric  carbon  atoms.  In  the  aldo- 
pentoses  n  =  3,  hence  2"  ^  2'  =  8 : 


Pentites  (and  Trioxy- 
glutaric  Acids), 

(1)  CHjOH 

H .  <!: .  OH 

H.i.OH 

H.C.OH 

CH, .  OH 
Adonite 
(RibotrioxvgluUric 
Acid) 

(2)  CH,OH 
H.C.OH 

HO.i.H 
H.C.OH 

CHjOH 

Xylite 

(Xilolrioxj*- 

glutaric  Acid) 

(3)  CH3OH 
HO.C.H 

H.C.OH 
H .  C .  OH 
CHjOH 

(4)  CHjOH 
H.C.OH 

HO.C.H 
HO.C.H 

CH,OH 

l-Arabite 
1-TrioxygluUric 
Acid) 


Aldopentosis  {and  Pentcn-acids). 


0*) 


CHO 
H.C.OH 
H.C.OH 
H.C.OH 

CH,OH 


(3*) 


CHO 
H.C.OH 
HO.C.H 
H.C.OH 

CH, .  OH 

I-Xylosc 
(1-Xyluiiic  Acid) 

(5»)         CHO 

HO.CH 

H.C.OH 

H.i.OH 

CH,OH 
d-Arabinose 

(7I)  CHO 

H.C.OH 
HO  .  C .  H 
HO . C .  H 

CH,OH 

I-Arabinose 
(I-Arabonic  Acid) 


CH,OH        (2») 
H.C.OH 
H.C.OH     or 
H.C.OH 

cno 


CHO 


1-Ribose 
(1-Ribonic  Acid) 


HO.C.H 
HO .  C .  H 
HO.C.H 
CHjOH 


CHjOH 
H .  C .  OH 
HO . C .  H 
H.C.OH 

CHO 


or 


CHjOH 
HO .  CH 
H.C.OH 
H .  C . OH 

cIho 


or 


CHj.OH     (8») 


H.C.OH 

HO.C.H 

HO.C.H 

CHO 


or 


(4»)         CHO 
HO.CH 

H.C.OH 
HO.CH 


(6»)         CHO 

HO.C.H 

HO.C.H 

H.C.OH 

CHjOH 
l-Lyxose 

CHO 
H.COH 
H.ioH 
HO.CH 

(!:h,oh 
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The  image-isomeric  aldopentoses  are  capable  naturally  of  uniting  to  four  inactiye 
double  molecules,  which  can  be  resolved.  The  space-formulas  (7^)  and  (3^)  for  or- 
dinary or  1-arabinose  and  the  xyloses  follow  from  the  intimate  connection  of  the 
l-arabinoses  with  l-glucose,  and  the  xyloses  with  I-gulose,  as  will  be  shown  later 
(p.  562). 

If  the  space  formula  of  inactive  xylite  may  be  considered  as  established,  there  re- 
mains but  one  possible  formula  for  inactive  adonite,  the  reduction  product  of  ribose. 

Four  trioxyglutaric  acids  (p.  538)  correspond  to  the  four  theoretically  predicted 
pentites.  The  same  number  of  eight  space  isomerides  as  indicated  by  the  pentoses 
are  possible  also  for  the  corresponding  monocarboxylic  acids,  the  tetra-oxy-n-vaUric 
adds,  as  well  as  for  their  corresponding  aldehydo-carboxylic  acids,  and  idso  for  the 
ketosa  ofthi  hexiU  seriis^  to  which  fruit  sugar  belongs. 


B.    THE  8PACB  ISOMERISM  OP  THE  SIMPLEST  HEXITES  AND  THE  SUGARS, 
THE  ALDOHEXOSES  AND  THE  GLUCONIC  ACIDS.^ 

The  structural  formula  of  the  normal  and  simplest  hexite : 

CHjOH  .  ^  .  OH  .  &  .  OH  .  £h  .  OH  .  &  .  OH .  CH,OH,  contains  four  asym- 
metric carbon  atoms.  The  theory  of  van't  HofT  and  Le  Bel  permits  of  ten  possible 
^Mce-isomeric  configurations  for  such  a  compound.* 

In  tartaric  acid  we  started  with  the  point  of  union  of  the  two  asymmetric  carbon 
atoms  in  determining  the  successive  series  ;  and  in  hexite  also  we  begin  in  the  middle 
of  the  molecule,  and  then  compare  C-atom  i  with  C-atom  4,  and  C-atom  2  with 
C-atom  3.  In  this  manner  the  ten  hexite  configurations  given  on  p.  558  have  been 
derived. 

If  we  suppose  each  of  the  ten  hexitf  s  to  have  been  oxidized,  in  one  instance  the 
upper  — CH,OH  group,  and  again  the  lower  — CH,OH  group  2,  to  aldoses,  then 
twenty  space- isomeric  aldohexoses  would  result.  However,  each  of  the  four  hexites 
(Nos.  I,  2,  3,  and  4)  yields  two  aldoses,  whose  formulas  by  a  rotation  of  180°  pass 
into  each  other,  which  consequently  would  reduce  the  number  of  possible  space- 
isomeric  aldohexoses  to  16. 

Ten  tetraoxyadipic  acids  {saccharic  acids)  correspond  to  the  ten  space-isomeric 
hexites;  sixteen  pent a-oxy  n- valeric  acids  or  hexonic  {gluconic  acids),  and  sixteen 
aldehydo-tetraoxy-monocarboxylic  acids  {glucuronic  acids)  correspond  to  the  sixteen 
space-isomeric  aldohexoses. 

The  hexites  and  the  tetraoxyadipic  acids  also  have  inactive,  racemic  or  [d  -|-  1] 
modifications,  the  aldohexoses,  hexonic  acids,  and  aldehydotetraoxycarboxylic  acids 
also  8  [d  -f  1]  modifications,  as  is  evident  from  an  inspection  oi  the  formulas  in  the 
appended  table. 

The  number  of  theoretically  possible  space-isomeric  aldohexoses,  containing  four 
asymmetric  carbon  atoms  in  the  molecule,  are  more  readily  derived  by  employing  the 
van  't  HofT  formula  z^  given  above  with  the  aldopentoses.  This  for  2^  would  give 
sixteen  space  isomeric  iddohexoses. 

The  space-isomerism  of  the  ketohexoses,  containing  three  asymmetric  C-atoms, 
is  like  the  isomerism  of  the  aldopentoses. 


*  Die  Lagemng  der  Atome  im  Raum  von  J.  H.  van  't  Hoff,  and  Gmndriss  der 
Stereochemie  von  Haotzsch  (Breslau,  1893). 
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Hexites  (and  Saccharic  Acids). 


Aldohexoses  [and  Hexonic  Acids). 


(I)         CHjOH 

H.C.OH 

H.C.OH 

HC.C.H 

HO.C.H 

iH^OH 
1-Mannite 
(l-Mannosaccharic 
Acid) 


(2)  CHj.OH 

HO.CH 

HO .  CH 

H.C.OH 

H.C.OH 

CHjOH 
d-Mannite 


(d-M«nnosaccbaric 
Acid) 


(3)  CH..OH    (4) 

HO.C.H 

H.C.OH 
HO.C.H 

H.C.OH 

CH, .  OH 
1-Idite 


cHjOU 

H  .  C .  OH 
HO.C.H 

H.C.OH 

HO.C.H 

CHj.OH 
d-Idite 
(I-Idosaccharic  Acid)  (d-Idosaccharic  Acid) 

(5)  CH.OH 
HO.C.H 

H.C.OH 

HO.C.H 

HO.C.H 

CHjOH 
1-Sorbite 
(1-Saccharic  Acid) 

(6)  CHjOH 
H.C.OH 

HO.C.H 
H.C.OH 
H  .  C .  OH 

CHjOH 

d-Sorbite 
(d-Saccharic  Acid) 


(i»)        CHO 

H.i.OH 

H.i.OH 

HO.i.H 

HO.C.H 

CHjOH 
1-Mannoae 
(1-Mannonic  Acid) 


(3^)       CHO 
•  HO.C.H 
H.ci.OH 
HO.C.H 
H.C.OH 
CH.OH 

l-Idose 
(1-Idonic  Acid) 

(5»)       CHO 

HO.C.H 

H.C.OH 

HO.C.H 

HO.C.H 

CHfiH 
1-Glucose 
(l^luconic  Acid) 

(7»)       CHO 

H.i.OH 

HO.C.H 

H.C.OH 

H.C.OH 

CHjOH 
d-Glucose 
(d-Gluconic  Acid) 


(2»)         CHO 

HO.C.H 

HO.C.H 

H.C.OH 

H.C.OH 

CHjOH 
d-Mann< 


(d-MannooicAdd) 


(4*)         CHO 
H.C.OH 
HO.C.H 

H.i.OH 
HO.i.H 

CHjOH 

d-Idoac 
(d-ldonic  Acid) 


(6»)  CHO 

H.C.OH 
H.C.OH 
HO.C.H 
H.i.OH 


i 


:h,oh 

1-Gulow 
(1-Gulonic  Add) 


(81)  CHO 

HO.C.H 

HO.i.H 

H.i.OH 

HO.C.H 

CH,OH 
d-Gu1ose 
(d-Gulonic  Acid) 
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(7)            CH,OH 
H.i.OH 

1 

(9I)        CHO 
H.C.OH 

1 

(io»)       CHO 

HO.i.H 

1 

HO.C.H 

1 

HO.C.H 

• 

H.i.OH 

1 

HO.i.H 

1 

HO.C.H 

1 

H.C.OH 
1 

H.i.OH 

<!:h,oh 

Dalcite 
(Mttcic  Acid) 

H  .  C .  OH 

CHjOH 

d-Galactoae 
(d-Galactonic  Acid) 

HO.C.H 

<!:h,oh 

l-Galactoae 
(1-Galactonic  Acid) 

(8)              CHjOH 
H.i.OH 
H.i.OH 

1 

(III)      CHO 
H.C.OH 

H.i.OH 

1 

(12I)       CHO 
HO.C.H 

HO.i.H 

1 

H.C.OH 

1 

H.C.OH 

1 

HO.C.H 

1 

H.C.OH 

1 

H.C.OH 

1 

HO.C.H 
1 

CH,OH 
(AIlomucicAcid?) 

CHjOH 

CH.OH 

(9)              CH,OH 
H.C.OH 

1 

(13I)     CHO 
H.dl.OH 

1 

(I4»)       CHO 

H.C.OH 

1 

H.C.OH 

1 

H.C.OH 

1 

HO.C.H 

H.C.OH 

1 

H.C.OH 

1 

HO.C.H 

1 

HO.C.H 

CHjOH 
(1-TaIoqincic  Acid) 

HO.C.H 

<!:h,oh 

HO.C.H 
iHjOH 

(lo)             CHjOH 
HO.ci.H 

(15I)     CHO 
HO.C.H 

(16I)       CHO 

HO.i.H 

1 

HO.C.H 

1 

HO.C.H 

1 

H.C.OH 

1 

HO.C.H 

1 

HO.C.H 
1 

H.C.OH 
1 

H.C.OH 

1 

H.C.OH 

1 

H.C.OH 

1 

CHjOH 
d-Talite 
(d-Talomucic  Acid) 

CH,OH 
d-Talose 
(d-Talonic  Acid) 

CH,OH 

To  render  rational  names  possible,  E.  Fischer  has  proposed  to  indicate  the  con- 
fignration  by  the  sign  4*  or  — .  These  are  not  intended  to  show  the  influence  of 
the  individual  asymmetric  carlx>n  atom  upon  the  optical  properties  of  the  molecule, 
as  yan  't  Hoflf  formerly  expressed  it,  but  merely  the  position  of  a  substituent  upon 
the  right  or  left  side  of  the  preceding  configuration  formulas.  The  formula  should  be 
so  Tiewed  that  in  the  sugars  the  aldehyde  or  ketone  group,  and  in  the  monobasic 
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aci«U  the  caiboxyb  stand  above.     The  numbers  begin  above,  and  the  sign  -|-  or  — 
repfesenu  the  position  of  hydros jl,  e,g,  : 

Grane  Sogar,  d-Glocose  =  Ilexanpentolal  H )-  -f-  (FonnuU  7>). 

dGlaconic  Acid,  .   .   .   =  Hexanpentol  acid  -\ \-  •\-  (Formnla  7^). 

Frail  Sugar,  d-Fractoae  =  Hexanpentol-2-on 1-  -f - 


In  the  case  of  sjmaietnca]  strnctnre, — as  it  exists,  for  example,  in  the  diacids  and 
alcohols  of  the  sugar  gronp,— 4here  is  no  favored  position ;  consequently,  presuming 
that  the  nonbering  invariably  proceeds  from  the  top  down,  we  get  a  doubled  steiic 


d-Sacdiark  Add,     .   .  =  Hexantetrol  diadd  H h  +  or \ 

DuldtCy =  Hexanhexol,  .   .     -| f-  or f-  -| 

DcriTatkni  of  the  Space-fbnnula  for  d-Qlncose  or  Qrape  Sugar,  the  most 
important  aldohexose.     The  following  relations  arranged  first  in  the  diagnun  are  the 
of  thb  derivation : 


1.  d-Sofbite^ 


d-Gulose 


d-Gulo-lactone 


d-Gulooic  Add 


d-GlucQ8e'<-d*Glacooo-]actone-^d-Gluoonic  Add 

II.  d-Glacose >•  d-Glncosasone  -^ d-Mannose 

d-Mannite 


^^  d-Saccharic 
T/^       Add 


III.  d  Fructose  — 


->-  d-Glncosaxooe 


d-Sorbite 


IV.  1  Arabite 


1-Arabinoae 


y(  l-M annonic  Add 

l-Arabinose  Carbozyllc  Acid 


V.  Xylite 


Xyl 


\  l*Glnconic  Add  - 
->-  1-Gulonic  Acid    - 

Xylose  CartwzyUc 
Acid 


>  1-Glncose 
->-  I*Gulose. 


Diagram  I  shows  that  d-glocose  or  grape  sugar  and  d-gulose  yield  tibe  same 
d-saccharic  acid,  ilence  it  follows  that  d-saccharic  add  and  the  d-sorbite  corre- 
sponding to  it  can  not  have  the  formulas  (i),  (2),  (3),  (4)  (p.  558),  because  it  is  only 
the  hexites  and  saccharic  acids,  (5),  (6),  (7),  (8),  (9J,  (10),  which  yield  two  space 
isomeric  aldohexoses  each.  The  formulas  (7)  and  (8)  of  the  six  space-formulas  rep- 
resent by  virtue  of  intramolecular  compensation  optically  inactive  molecules,  which 
therefore  disappear  for  the  optically  active  d-saccharic  add  and  d-sorbite. 

The  fact  that  d-saccharic  add  and  d-mannosaccharic  add,  d-gluconic  and  d-man- 
nonic  acids,  d-glucose  and  d-mannose,  d-sorbite  and  d-mannite,  only  differ  by  the  vary- 
ing arrangement  of  the  univalent  atoms  or  atomic  groups  with  reference  to  the  carbon 
atom,  which  in  d-glucose  and  d-mannose  is  linked  to  the  aldehydo-group,  makes  it 
ible  to  decide  between  the  image  formulas  (5)  and  (6),  (9)  and  (zo) ;  for  d-  and 
Wic  add,  d-mannose  and  d-gluoose,  yield  the  same  osazone  (diagram  II 
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aboTc).  1-Anbioose  treated  with  hydrocyaoic  and  hydrochloric  acids  gives  rise  to 
both  1-nmnnonic  or  1-arabinose  carboxylic  acid,  and  I-gluconic  acid  (diagram  IV  above). 
The  same  relations  which  are  observed  with  l-mannonic  and  1-gluconic  acid  prevail 
naturally  with  their  image  isomerides — d-mannonic  acid  and  d-gluconic  acid.  A  mix- 
ture of  d-mannite  and  d-sorbite  is  obtained  by  the  reduction  of  d-fnictose.  Assuming 
that  d-sorbite  and  d-saccharic  acid  possessed  the  space-formulas  (9)  or  (10)  (p.  559) : 

(9)          CHjOH  (10)          CHjOH 

H.C».OH  HO.C.H 

H.C.OH  HO.C.H 

H.C.OH  HO.C.H 

HO.C.H  H.C».OH 

iHjOH  CH,OH, 

then  d-mannite,  and  also  d-mannosaccharic  acid,  would  have  the  formulas  (7)' or  (8) : 

(7)          CHjOH  (8)         CHjOH 

H.C.OH  HC*.OH 

HO.C.H  HC.OH 

HO.t.H  HC.OH 

H.C».OH  HC.OH 

CHjOH  CHjOH, 

because  only  these  fonnnlas  differ  from  (9)  and  (10)  exclusruely  in  the  varying  arrange- 
ment of  the  atoms  or  atom  groups  with  reference  to  asymmetric  carbon  atoms,  desig- 
nated by  little  stars. 

However,  formulas  (7)  and  (8)  by  intramolecular  compensation  give  rise  to  inactive 
molecules,  consequently  can  not  give  back  the  configuration  of  d-mannite  and 
d-mannosaccharic  acid. 

Thus,  for  d-sorbite  and  1-sorbite,  d-saccharic  acid  and  1 -saccharic  acid  there  remain 
only  formulas  (5)  and  (6^,  from  which  (6)  is  arbitrarily  selected  for  d-sorbite  and 
d-saccharic  acid,  and  (5)  tor  1-sorbite  and  1 -saccharic  acid.  When  this  has  been  done 
then  all  further  arbitrary  selection  ceases ;  now  the  formulas  for  all  optically  active 
compounds  connected  experimentally  with  saccharic  acid  are  regarded  as  established 
(B.  ay,  3217).  Hence,  the  space-formula  (2)  falls  to  d-mannite  and  d-mannosac- 
charic acid,  and  formula  (i)  to  I-mannitoI  and  1-mannosaccharic  acid,  which  would  also 
give  formulas  (2^)  and  (i^)  to  d-  and  1-roannonic  acids. 

The  aldohexoses  (7^)  and  (8^)  (p.  558)  correspond  to  d-sorbite  and  the  saccharic 
acid  with  space-formula  (6) : 

(6)  CH,OH    (7I)         CHO  ^         CHjOH  (8I)         CHO 

H.C.OH  H.C.OH  H.C.OH  HO.t.H 

HO.C.H  HO.C.H  HO.C.H        VoISl^         HO.C.H 

H.C.OH  H.C.OH  H.C.OH        '  H.C.OH 

H.C.OH  H.C.OH  H.C.OH  HO.CH 

CH.OH        CHjOH        CHO  CH,OH 

d-Sorbite 
(d-Saccharic  Add). 


■»4 


CHO 

H 

.C.OH 

H 

.C.OH 

HO 

.C.H 

H 

.<^.OH 

<!h,oh 

iOe 

■--: :  CH,oH 

H  c.  :h  h.c.oh 


H.z.i'^  h:.c.h  ho 


^.H 


e:.:.h  H.c.ca  h.c.oh 


H.t. 


K.C.OH  CHjOH 


^B/>H 


(5»)  CHO 

HO.C».H  CHO                                      CHjOH 

H.C.OH       -< H.t.OH  »-    H.C.OH 

HO.i.H  HO.i.H                              HO.C.H 

HO.i.H  HO.i.H                             HO.C.H 

CHjOH  CH,OH  CH,OH 

t^CtacoM  t-Anbtnae  1-Anbite. 

Tt  if  At  once  teen  tliAt  the  aldopentose  correspoodtng  to  fonnola  (6^)  must,  by  re- 
duction, yield  an  inactive  pentite-x^/x/^  (p.  534), —through  an  intimmolecnlar  compen- 
iMUUm,  Similarly,  the  pentose  with  formala  (51)  changes  to  an  optically  active 
pcniite — haraHte  f  p.  534).  In  this  manner  is  fixed  not  only  the  confignration  for  xylite 
ami  xyloie,  larabtte  and  I-arabinose,  but  it  is  also  demonstrated  that  1-gnlose,  (rom 
ayloM,  bat  the  formula  (6^),  and  1-glncose,  synthesixed  from  l-arabinose,  the  qpace- 
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formula  (5  ^ ) .  (^ ^ )  is  the  image-fonnula  of  space-formala  (6 ^  ^.  This,  therefore ,  belongs 
to  A'guiose,  Formala  T/^)  corresponds  to  space- formula  (5^),  and  hence  it  belongs  to 
^'glucose.  From  all  this  it  would  follow  that  d-  and  1-mannoses  haye  formulas  (2^) 
and  (i^)}  which  facts  confirm :  that  d-glucose  and  d-mannose  on  the  one  hand,  and 
1-glucose  and  I-mannose  on  the  other,  pass  into  the  same  glucosazone — i .  e. ,  they 
differ  only  in  the  configuration  at  one  asymmetric  C-atom. 

When  it  is  remembered  that  d- fructose,  by  reduction,  yields  a  mixture  of  d-mannite 
and  d-sorbite,  and  d-glucosazone  on  treatment  with  phenylbydrazine,  it  will  be  recog- 
nized that  both  it  and  its  corresponding  d-arabinose  must  have  the  space-formulas : 

CHj.OH 

io  CHO 

HO.C.H  HO.i.H 

H.C.OH  H.C.OH 

H.i.OH  H.i.OH 

CHjOH  CHjOH 

d-Fructose  d-Arabinose. 

DBRIVATION  OP  THB  CONFIGURATION  OF  d-TARTARIC  ACID. 

The  configuration  of  d-tartaric  acid  is  evident,  according  to  E.  Fischer,  from  its 
production  in  the  oxidation  of  d-saccharic  acid.  The  formula  of  the  latter  has  been 
preyionsly  deduced  above.  It  is  in  harmony,  therefore,  with  its  formation  in  the  oxi- 
dation of  methyl  tetrose  (p.  520) ,  a  decomposition  product  of  rhamnose.  The  latter, 
when  oxidized,  passes  into  Utrioxyglutaric  acid.  The  a-rhamnohexonic  acid,  obtained 
from  the  latter  by  the  hydrocyanic  acid  addition,  yields  mucic  acid  on  oxidation, 
and  the  latter,  on  similar  treatment,  changes  to  racemic  acid.  Assuming  that  the 
methyl  group  of  rhamnose  is  eliminated  in  the  oxidation  of  rhamnohexonic  acid,  we 
would  have  the  following  configuration-formula  for  rhamnose : 


CHO 


CO,H 
.i.H  ?^'"  ?^'" 


CO.H                I  HO.U.H  J    -  I 

i.               H.C.OH  „J.^„  HO.C.H  HO.C.H 

I  H.C.OH  I  I 

H.C.OH  .j^„  H.C.OH  H.C.O: 

I  -^      H.C.OH  j^         \         ^         \ 

HO.i.H           -^^r  HO.i.H  «r«  ''^''^HoiH 

I                    ?CH.OH  I HO.C.H  rtU.L,.tt 


I ?CH.OH  ..i„^„     HO.C.H  "v,.y** 


in, 

l-Trioxy-  Rhamnose  «pRhamnose-        Mncic  Acid  Racemic  Acid, 

alataric  Carboxylic 

Acid  Acid 


This  assumption  has  been  proved  through  the  behavior  of  the  stereo-isomeric 
jS-rhamnohexonic  acid,  which  results  on  heating  a-rhamnohexonic  acid  to  140®  with 
pyridine.  All  experiences  go  to  show  that  the  two  stereo-isomeric  rhamnohexonic 
adds  only  differ  in  the  arrangement  or  position  of  the  carboxyl  group  in  direct  union 
with  the  asymmetric  carbon  atom.  Had  the  methyl  group  not  been  split  off  in  the 
oxidation,  but  merely  changed  to  carboxyl,  then  a-  and  /3-rhamnohexonic  acids 
would  have  yielded  the  same  mucic  acid  because  the  asymmetric  C-atom  linked  to 
carboxyl  in  a-  and  j9-rhamnohexonic  acid,  that  caused  the  difference  in  the  two 
acids,  would  have  been  oxidized  to  carboxyl.    ^-Rhamnohexonic  acid,  however, 
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oxidises  to  l-Ulomocic  acid,  which  justifies  the  preceding  mssomptioD,  ind 
qneoily  piores  the  riuunnose  ooofiguntioo,  eren  to  the  posiiioo  df  the  mq^mmetric 
carboo  atom  linked  to  methyl. 

Wohl's  ptocedore  pennits  of  the  oooyenioQ  of  ihamnose  into  methyl  tetrose, 
which  is  oxidised  to  d-taitaric  add  by  nitric  add.  Hence,  we  may  suppose  that  here 
the  methyl  group  b  split  oflf  as  in  the  case  of  the  oxidation  of  rfaamnose  to  1-trioxy- 
gfntaric  acid,  and  of  a-rhamnobexonic  add  to  made  add.  This  then  demonstntes 
the  coofignratioo  of  d-taitaric  add  (B.  ag,  1377) : 

CO,H 

H.C.OH 

HO.C.H 

H.C.OH 

h7c!oh 

^..,  <!x),H  io,H 

Methyl  f  etroae  d-Tartaric  Add  d<S«ocharic  Add. 


4.  POLYOXYliONOCARBOXYLXC  ACIDS. 
A.  PBNTAOXYCARBOXYLIC  ACIDS. 

These  acids  are  produced  (i)  by  the  further  oxidation  (by  means 
of  chlorine  or  bromine  water)  of  the  alcohols  and  aldoses  correspond- 
ing to  them ;  (2)  by  the  reduction  of  the  corresponding  aldehydo- 
acids  and  lactones  of  dicarboxylic  acids;  synthetically,  from  the 
aklopentoses  (arabinose,  rhamnose,  p.  536)  by  the  aid  of  CNH,  etc. 
This  is  analogous  to  the  synthesis  of  glycoUic  acid  from  formaldehyde, 
and  ethidenc  lactic  acid  from  acetaldehyde : 

CNR                                                            B^ 
^jg^QIQ >- CIIi.Ca(OB)CN    -— >- CHtXH(OH).CO|B 

CMH                                                                   HCl 
CM   0H[CH.0H1|CH0  ■ >'  CH|OH[€HOH]gCH(OH)CIf >-  CHfOH[CHOHlgCR(OH)C(HB 

I  Ar«KS»nM  I^Glacononilrile  1-Gluconic  Add 

l-Armbinoae  '^  l-Arabinoec  Carboxyllc 

Acid. 

Dr/k^rtmen/,— Being  y  and  ^-oxy-derivatives,  nearly  all  of  these  acids 
are  very  unsuble  when  in  a  free  condition.  They  lose  water  readily 
and  jxiss  into  Uutanes  (p.  342)  • 

C;H„0,       """'^ J-  Q|H,oO^ 

When  acted  upon  in  acid  solution  by  sodium  amalgam,  these  lactones 
(not  the  acids)  reabsorb  two  atoms  of  hydrogen,  and  are  converted 
into  the  corresponding  aldohexoses  (E.  Fischer) : 

c;h,oO. >  CM,fi^ 

d-GlucoQo4actone  d-Glucoie. 
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These  scida,  when  scted  upon  with  phenylhydnzine,  form  cburacteristic  crystal- 
line phenylhydrazides^  C^H^O,  N,H, .  C,H^  (B.  aa,  ayaS).  They  are  resolved 
into  their  components  when  boiled  with  alkalies.  They  are  distinguished  from  the 
hydrazones  of  the  aldehydes  and  ketones  by  the  reddish-violei  coloration  produced 
upon  mixing  them  with  concentrated  sulphuric  acid  and  a  drop  of  ferric  chloride. 

Heated  to  130-150^  with  quinoline  or  pyridine  a  geometric  re- 
arrangement ensues,  which  is,  however,  restricted  to  the  asymmetric 
carbon  atom  in  union  with  the  carboxyl.  It  is  a  reversible  reaction, 
and  therefore  yields  a  mixture  of  both  stereo-isomerides,  e,  g,  (B.  27, 

3193) • 

d-  and  l-Gluconic  Acid     -< >-  d-  and  l-Maononic  Acid. 

1-Gulontc  Acid      "^ ^  1-Idonic  Acid. 

d-Galactonic  Add  -^ >•  d-Talonic  Add. 

These  acids  are  reduced  to  lactones  of  the  ^-raonoxycarboxylic 
acids  (p.  345)9  if  they  are  heated  with  hydriodic  acid  and  phosphorus. 

Isomerism. — Spacial  isomerides  of  pentaoxy-n-caproic  acid  are  as 
numerous,  according  to  theory,  as  the  aldohexoses  (p.  558),  1.  ^.,  six- 
teen optically  active  and  eight  [d  -f~  0  niodifications,  which  are  inac- 
tive. 

Mannonic  Acid,  C5H«(OH)5.CO,H.  The  syrup-like  acids — 
d-,  1-,  and  [d  -|-  l]-mannonic  acid — yield  d-,  1-,  and  [d  +  \\mannO' 
saccharic  acid  on  oxidation  (p.  569).  They  change  to  lactones  on 
evaporating  their  solutions,  which  by  further  reduction  yield  d- 
mannite^  Vmannite^  and  [d  -|-  X\'manmte,  [d  -|-  X\'Mannite  is  identical 
with  a  acritey  the  reduction  product  of  synthetic  a-acrose  or  [d  +'  H- 
fructose.  As  [d  +  ITmannite  or  a-acrite,  when  oxidized,  yields  [d  --|-  Ij- 
mannose,  and  the  latter  by  similar  treatment  becomes  [d  -f*  U'^i^i^- 
nonic  acid,  which  can  be  split  into  d-mannonic  acid  and  1-mannonic 
acid,  we  realize  through  these  reactions  the  complete  synthesis  of  all 
bodies  of  the  mannite  series  (p.  554)  : 

d-Mannite  <      d-Mannos«  -^- d-Mannono-lactone 

d-Maimoiiic  Acid V  Mannosaccharic 

Acid 
a-Acrose  — ^  a-Acrlte  -^ —  ld+1]  Mannose  -< —  [d+I]  Mannonic  Acid  — >>[d+nMannosac- 
td+l]  PncUM*  U+l]  Mmaalt*  charic  Acid 

1-Mannonic  Acid ^  1-Mannoaaccha- 

ric  Acid 
1-Mannite  -< —  l-Maunose  -^ I-Mannono-lactone. 

d-Mannono-lactone,  C«HioO«,  m.p.  149-153?  [alo  »  -f  53-8^ 

1-Mannono-lactone,  "     140-150°  [a^  s  -|-  54.8° 

[d  -f-IJ  Mannono-lactone,  (C«HioO«)ti     **     M9-i5SP* 

d-  and  VMannonophmylhydratide^  ^s^ii^f  (^1^1  •  ^^s)*  °^^lts  at  214-216°. 

[d  4-  1]  Mannonophenylhydratide  melts  about  230°  when  it  is  rapidly  heated. 
The  hydracides  are  converted  into  the  acids  on  boiling  with  baryta  water  (B.  aa, 
3221).     Thb  reaction  is  well  adapted  for  the  purification  of  the  acids. 

A  very  important  feature  is  that  a  partial  conversion  of  d-  and  /- 
mannonic  acid  into  d-  and  /-  gluconic  acids  occurs  on  heating  the  former 
to  140°  with  quinoline.  The  last  two  acids,  subjected  to  the  same  treat- 
ment, change  in  part  to  d-  and  l-mannonic  acids. 
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ITiis  method  of  preparing  d-  and  l-gbuomc  acids  shows  the  genetic 
connection  existing  between  d-  and  l-gbtcose  and  themanmte  series,  and 
thereby  renders  possible  the  synthesis  of  grape  sugar. 

The  formation  of  l-mannonic  acid  or  1-arabinose-carboxylic  acid 
(together  with  1-gluconic  acid)  from  1-arabinose  by  means  of  hydro- 
cyanic acid  constitutes  one  of  the  transitions  which  allows  of  the 
synthesis  of  aldohexoses  from  aldopentoses: 

{l-MADoonic  Add ^-l-Mannooo-lactODe M-Mannose 
l-Arabtnose  Carboxylic  Acid 
l-Glaoooic  Add    ^-l-Glncoao-UctODe   ^l-Glncosc. 

Gluconic  Acid,  CH,OH(CHOH),CO,H,  is  known  in  the  d-,  1-,  and 
[d  +  n-°><xli^cations(B.  23,  801,  2624;  24,  1840). 

1.  The  lactones  of  these  three  acids  change'to  d-,  1-,  and  [d  -\- 1]- 
glucose  on  reduction. 

2.  By  oxidation  they  become  d-,  1-,  and  [d  -|-  1]  saccharic  acids. 

3.  When  heated  to  140^  with  quinoline  they  change  in  part  to  d-, 
1-y  and  [d  -f-  1]  mannonic  acids  (p.  566).  Conversely,  d-,  1-,  and 
[d  H-  I]  gluconic  acids  are  won  by  the  same  treatment  from  d-,  1-,  and 
[d  -f  1]  mannonic  acids. 

The  d-  and  1-phenylhydrazides,  QH,iOi(N,H|  .CgHj),  melt  about  200** 
when  they  are  rapidly  heated,  while  the  [d  -\- 1]  phenylhydrazide 
melts  at  190°. 

d-Gluconic  Acid,  Dextronic  Acid,  MaUonic  Acid,  is  formed  by  the 
oxidation  of  dextrose,  cane  sugar,  dextrine,  starch,  and  maltose  with 
chlorine  or  bromine  water,  and  is  most  readily  obtained  from  glucose 
(B.  17,  1298)  as  well  as  from  d-roannonic  acid.  Gluconic  acid  forms 
as)mip  which,  when  evaporated  or  upon  standing,  changes  in  part  to 
its  crystalline  lactone,  CcHioOs,  melting  at  130-135^.  Sodium  amalgam 
reduces  it  to  ^-glucose  or  grape  sugar  (B.  23,  804).  Its  barium  salt 
crystallizes  with  three  molecules  of  water,  the  calcium  salt  with  one. 
The  acid  is  dextro-rotatory,  but  does  not  reduce  Fehling's  solution. 

PentacefyigUuononitriU,  CjH,(0 .  C,H,0)5CN  (B.  a6,  730^.  Dimethylene  Ciu- 
ccnic  Acid^  C^H^Of  ( :  CH,),,  from  d-gluconic  acid  and  formaldehyde,  melts  at  220^ 
(A,  «9a,  31). 

I-Gluconic  add  is  formed  (i)  from  1-mannonic  add  (p.  566),  and  (2)  together  with 
1-mannonic  add  from  1-arabinose  by  aid  of  CNH. 

[d  +  11  Gluconic  Acid  is  formed  upon  evaporating  the  aqueous  solution  of  a 
mixture  of  d-  and  l-gluconic  acids.  Its  calcium  salt  dissolves  with  difficulty.  It  is 
obtained  like  calcium  racemate  by  mixing  solutions  of  d-  and  1-gluconates  of 
calcium. 

Quionic  Acid,  CH,0H[CH0H]4C0,H,  is  known  in  three  forms,  which  become 
d-,  1-,  and  [d  4*  1]  saccharic  acids  (p.  569)  when  they  are  oxidized.  The  reduc- 
tion of  their  lactones  produces  d-,  1-,  and  [d  -|-  1]  guioses  (p.  551).  A-Gulonic  add 
is  obtained  by  reduction  of  both  glucuronic  acid  (p  568)  and  d-saccharic  acid.  The 
htt0nt  melts  at  180-181° ;  i\i^ phmylkydrazide  at  I47-I48<'  (B.  24, 526).  l-Gulonic 
acid^  xylose  carboxylic  acid,  results  when  xylose  is  acted  upon  with  CNH.  This 
reaction  unites  also  the  aldopentoses  with  the  aldohexoses.    1-Idonic  add  is  produced 

'Uaneously,  and  when  heated  with  pyridine  changes  partially  to  1-gulonic  acid. 
Hc-lactcnt  melts  at  185°.      The  phtnyihydraztde  melts  at  147-149°  (B.  S3, 
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2628 ;  24,  528).  [d  4- 11  Gulanic  Acid  readily  changes  into  its  lactone,  which  by 
crystailization  splits  into  d-  and  1-gulono-lactone.  Calcium  [d  + 1]  gulonate  dissolves 
with  more  difficulty  than  calcium  d-  and  1-gulonate.  The  phenylhydrazide  melts  at 
153-155^(6.25,1025). 

1-Idonic  Acid  is  formed  together  with  1-gulonic  acid  from  xylose,  and  is  separated 
by  means  of  its  brucine  salt  from  the  mother  liquor  of  1-gulono-lactone.  Heated  with 
pyridine  to  140®,  it  changes  in  part  to  I-gulonic  acid,  and  vice  vers  A,  1-Idose  is  its 
reduction  product  (p.  551).  d-Idonic  Acid^  obtained  from  d-gulonic  acid  by  means 
of  pyridine,  yields  a-idose  on  reduction  (B.  28,  I975)> 

Qalactonic  Acid,  CHjOHfCHOHl^COjH,  is  known  in  three  modifications, 
[d  -f  1]  Galactonic  Acid  results  m  the  reduction  of  ethyl  mucic  ester  and  also  of  the 
lactone  of  mucic  acid.  Its  [d  -|-  1]  lactone  melts  at  122-125°.  Its  phenylhydratuie 
melts  at  205°.  This  acid  can  be  resolved  by  means  of  its  strychnine  salt  into  the 
1-salt,  which  is  more  easily  soluble  in  alcohol,  and  the  d-salt,  which  dissolves  with 
more  difficulty  (B.  25,  1256).  \  Galactonic  Acid  resembles  in  a  remarkable  degree 
the  well-known — 

d-QaUctonic  Acid,  Lactonic  Acid,  CH,OH[CHOH]^CO,H,  which  is  produced 
from  milk  sugar,  d-galactose,  and  gum  Arabic  by  the  action  of  bromine  water.  It  can 
be  converted  into  d-talonic  acid,  and  then  be  prepared  from  the  latter.  It  crystallizes, 
and  prolonged  heating  to  100°  converts  it  into  the  corresponding  lactone,  C,H|oOg, 
melting  at  90-92®,  which  combines  with  water  to  CjH,oO,  -f  H,0,  meliing  at64- 
650  (A.  271,  83).  Calcium  Salt,  (C,H„OY),Ca  +  5H,0.  \X& phenylhydrazide  melts 
at  200-205®.  Sodium  amalgam  causes  the  lactone  to  revert  to  d-galactose.  It  yields 
mucic  acid  on  oxidation  with  nitric  acid.  The  amide  melts  at  172®.  The  anilide 
melts  at  210®  (B.  28,  R.  606). 

d-Talonic  Acid,  CHjCHCCHOHJ^COjH,  results  together  with  oxymethylene 
pyromucic  acid  on  heating  d-galactonic  acid  with  pyridine  or  quinoline  to  140-150®. 
Conversely,  d-galactonic  acid  is  obtained  from  d-talonic  acid  by  the  same  treatment 
(B.  27,  1526).     Reduction  changes  it  to  d-talose  (p.  551). 

Chitonic  Acid  is  produced  when  HCl-glucosamine  (p.  550)  is  changed  to  chitose 
by  means  of  silver  nitrite,  and  this  non-isolated  intermediate  product  is  afterwards 

oxidized  with  bromine  water  (B.  27, 140). 

OH 
o-Rhamnose-carbozylic  Acid,  CH,(CH .  OH)^ .  CH<^q  j^,  is  made  from 

rhamnose  by  action  of  CNH,  etc.  The  lactone,  CLH„Oe,  melts  at  162-168°  (B.  ax, 
2173).  IXsphenylhydratide,  CyH„Oj  .  N,H, .  CeH^,  melts  about  210®  (B.  aa,  2733). 
When  the  acid  is  heated  with  hydriodic  acid  and  phosphorus,  it  is  reduced  to 
normal  heptylic  acid.  Sodium  amalgam  converts  the  lactone  into  nuthylhexose  (B. 
23.  936).  Mucic  acid  is  its  oxidation  product  (B.  ay,  384).  Heated  to  150-155® 
with  pyridine,  it  is  partly  changed  to  ^-rhamnose-carboxylic  acid.  The  lactone  of  the 
latter  melts  at  134-138®,  and  the  phenylhydratidetX  170®.  When  oxidized  the  )3-acid 
is  converted  into  1-talo-mucic  acid  (p.  571). 


B.  ALD0HBX08E  CARBOXYLIC  ACIDS,  HEXAOXYMONOCARBOXYLIC  ACIDS. 

Acids  of  this  kind  have  been  obtained  from  d-glucose,  d-mannose, 
d  galactose,  and  d-fnictose  by  the  addition  of  hydrocyanic  acid,  and 
the  subsequent  saponification  of  the  nitrile  with  hydrochloric  acid. 

(i)  Mannoheptonic  Acid  is  known  in  three  modifications : 

d-liannose-carbozylic  Acid,  A- Mannoheptonic  Acid,  CH,OH.  [CHOH]^.. 
CO,H,  is  obtained  from  d-mannose  (A.  a7a,  197).  Its  pkenylhydrazide  (see  above) 
melts  about  220®  with  decomposition.  Its  lactone  melts  at  148-150®.  Sodium 
amalgam  reduces  the  lactone  to  d-mannoheptose,  C^Hj^Of,  and  then  to  the  hepta- 
hydric  alcohol  perselte,  C,H„Oj  (B.  23,  936,  2226).  Hydriodic  acid  reduces  the 
acid  to  heptolactone  and  heptylic  acid  (see  above  and  B.  22, 370).     When  oxidized 
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it  yields  !-pentoxypimelic  acid  (A.  27a,  194).  \-Afannose  CaHfoxyUe  Acid  is 
obtained  from  I-mannose.  \\&  phenylhydrazide  melts  about  220° ;  its  lacUnu  at  153- 
'54^*  \A  4-  1]  MaDnosecarboxylicacid  is  formed  from  d-  and  1-mannose  carboxylic 
acid,  as  well  as  from  [d  -f-  1]  mannose  (A.  aya,  184). 

(2)  a,d-Qlucose-carbozylic  Acid,  a,  d-Glucoheptonic  Acid,  CH,OH[CHOH]^- 
CO,H,is  formed  (i )  together  with  the  ^>acid  from  d-glucose ;  (2)  on  heating  the  j3-acid 
to  140^  with  pyridine;  (3)  by  the  hydrolysis  of  lactose-  and  maltose-carboxylic  acids 
(pp.  575,  576)  (A.  a7a,  200).  ITie  lactone  melts  about  145**.  Hydriodic  acid 
reduces  it  to  beptolactone  and  normal  heptylic  acid.  Sodium  amalgam  reduces 
the  lactone  to  dextroheptose  (d-glucoheptose).  The  a^^-phenylhydratide  melts 
at  171^  (B.  19,  1916;  23,  936;  space-formula,  A.  a70,  65).  i-Pentaoxypimelic 
acid  (p.  571)  is  formed  when  dextrose-carboxylic  acid  is  oxidized.  p^^'Glucosc- 
carboxylic  Acid  is  formed  together  with  the  a-acid  from  glucose.  The  pfunylhydra- 
tide  melts  at  150-152^.  Its  Lutone  melts  at  151-152°,  and  yields  ^,  d-glucoheptose 
on  reduction. 

a,  d-Qalactose-carboxylic  Acid,  a-Gahiheptonic  Acid,  CHjOHrCHOHJ^COjH, 
is  produced  together  with  ^-^(^alaheptonic  acui  from  galactose.  The  add  melts  at 
145°,  and  passes  into  its  lactone,  melting  at  150°.  Sodium  amalgam  changes  it  into 
a-gala-heptose  (p.  553).  When  oxidized  it  yields  carboxy-d-galactonic  acid  (p.  571) 
(A.  288,  39). 

d-Fructose-carboxylic  Acid.  CH.OH  .  [CIIOH],C(OH)(CO,H)CH,OH.  is  ob- 
tained from  fructose  or  Ixvulose  by  the  action  of  hydrocyanic  acid.  It  yields  tetra- 
hydroxybutane  tricarboxylic  acid  when  it  is  oxidized.  Its  lactone  melts  at  130®,  and 
when  reduced  with  so<lium  amalgam  two  aldoheptoses  with  branched  C-chains  result 
(B.  23,  937).  Reduction  with  hydriodic  acid  forms  beptolactone  and  heptylic  acid, 
C^IIi^Oj.  The  latter  is  identical  with  methyl-normal  butyl  acetic  acid  (p.  249). 
Hence  it  is  evident  that  lavuhsc  is  z,  ketofic-alcohol  {K\\\2^i,  B.  19,  1914;  23,451; 
a4.  348). 

C.  ALD0HEPT08B  CARBOXYLIC  ACIDS,  HBPTAOXYCARBOXYLIC  ACIDS. 

d-Manno-octonic  Acid,  CH^OH .  [CHOHLCO.H,  has  been  obtained  from 
d-mannoheptose.  Its  hydrazide  melts  at  243°.  Tne  lactone  has  a  neutral  reaction, 
a  sweet  taste,  and  melts  about  168°.  By  reduction  it  forms  d-mannoctose  (p.  553). 
a-  and  ^- G luco-oct on o  lactone  melt  at  145°  and  186°  (A.  270,  93).  a-Gala-octono- 
Uicttme,  from  a-galaheptose  (A.  288,  149),  melts  at  220-223°. 

D.  ALDO-OCTOSB  CARBOXYLIC  ACIDS,  OCTO-OXYCARBOXYLIC  ACIDS. 

d-Manno-nononic  Acid,  CH,OH[CHOH],CO,H,  has  been  obtamed  from 
d-manno-octose.  Its  ^j/d^r^sidV  melts  about  254°.  Its /or/^if smelts  at  176°.  When 
reduced  it  forms  d-manno-nonose. 


5.  TETRAOXY-  AND  PENTAOXYALDEHYDB  ACIDS. 

d-Qlucuronic  Acid,  CHO.  (CH.OH)^.  CO.H,  is  obtained  by  decomposing 
euxanthic  acid  (see  this)  on  boiling  with  dilute  sulpnuric  acid.  Various  glucoside-like 
compounds  of  glucuronic  acid  with  camphor,  bomeol,  chloral,  phenol,  and  different 
other  bodies  ( B.  19,  2919,  R.  762)  occur  in  urine  after  the  introduction  of  these  com- 
pounds into  the  animal  organism.  In  this  change  the  substances  mentioned  combine 
with  the  aldehyde  group  of  grape  sugar,  the  primary  alcohol  group  of  which  is  then  oxid- 
ized. Boiling  acids  decompose  them  into  their  components.  Glucuronic  acid  is  a 
syrup,  which  rapidly  passes  into  the  lactone  C^HgO^  on  warming.  The  latter  consists 
of  large  plates,  of  sweet  taste,  melting  at  175-178°  C.  Bromine  water  oxidizes  it  to 
saccharic  acid.     It  also  appears  that  when  saccharic  add  is  reduced  glocnroiiic  acid 
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results  (B.  S3,  937),  and  by  redaction  d-gluconic  acid  is  formed  (B.  24,  525).  The 
position  of  the  aldehyde  group  in  camphor-glucuronic  acid  and  euxanthic  acid  is  fully 
established.  Urochloralic  Add,  C,H„C1,Ot,  melting  at  142°,  decomposes  with  water 
absorption  on  boiling  with  dilute  hydrochloric  or  sulphuric  acid  into  glucuronic  acid 
and  trichlorethyl  alcohol  (p.  125).  Urobuiylchloralic  Acid,  Cj-H^QjOp  decom- 
poses, like  the  preceding  body,  into  glucuronic  acid  and  aa^tnchlorbutyl  alcohol 
(p.  126). 

AldehydO'^alactonU  Add,  COH .  rCHOH]jCO,H,  is  obtained  from  d-galactose 
carboxylic  acid,  and  may  be  convertea  into  carboxy-galactonic  add  (p.  571). 


6.  POLYOXYDICARBOXYLIC  ACIDS. 
A.  TBTRAOXYDICARBOXYLIC  ACIDS. 

These  are  obtained  by  the  oxidation  of  various  carbohydrates  with 
nitric  acid,  and  are  readily  prepared  from  the  corresponding  mono- 
carboxylic  acids  upon  oxidation  with  nitric  acid.  Mannosaccharic 
acidy  the  saccharic  acids,  and  the  mucic  acids  are  the  most  important 
representatives  of  the  series.  Gluconic  acid  yields  saccharic  acid, 
galactonic  acid  mucic  acid,  and  roannonic  acid  mannosaccharic  acid. 
Their  lactones,  by  very  careful  reduction,  can  be  converted  into  alde- 
hyde oxycarboxylic  acids  and  oxymonocarboxylic  acids.  When  reduced 
by  HI  and  phosphorus  the  preceding  acids  are  converted  into  normal 
adipic  acid,  C4H,(C0,H),;  hence  ail  of  them  must  be  considered  as 
normal  space-isomeric  tetraoxyadipic  acids.  Theoretically,  ten  simple 
and  four  double  modifications  are  possible.  All  the  tetraoxyadipic 
acids,  when  heated  with  hydrochloric  or  hydrobromic  acid,  change 
more  or  less  readily  to  dehydromucic  acid  (B.  24,  2140). 

(i)  Mannosaccharic  Acid,  CO,H[CHOH]«CO,H,  is  known  in 
three  naodifications  (space-formula,  p.  558),  which  pass  into  double 
lactones  when  they  are  liberated  from  their  salts.  They  also  result 
upon  oxidizing  the  three  mannonic  acids  with  nitric  acid  (p.  565). 

[d  4- 1]  Mannosaccharo' lactone,  Cflfi^,  melts  with  decomposition  at  190®.  It 
is  formed  by  the  union  of  d-  and  l*mannosaccbaro-lactone,  and  also  from  [d  -(- 11 
manno- lactone.  Its  diamide  melts  at  183-185°.  Its  dikydrazide  melts  at  220-225^ 
(B.  24,  545). 

^-Mannosaccharo-lactone,  C,H,Og  -f  2H.O,  melts  with  decomposition,  when 
anhydrous,  at  180-192°.  It  is  produced  when  d-mannite,  d-mannose,  and  d  man- 
nonic acid  are  oxidized  with  nitric  acid.  Its  diamide  melts  at  189°.  Its  dikydrazide 
meltsat  21 2°  (B.  24, 544).  Metasaccharic  Add,  C,HjO,  -f  2H,0,  melts  at  68° ;  when 
anhydrous,  at  180°.  It  is  produced  when  1-mannonic  acid  and  the  lactone  of  1-ara- 
binose  carboxylic  acid  are  oxidised  (B.  20, 341,  2713).  Its  diamide  melts  at  189- 
190°.  Its  dikydrazide  melts  at  212-213°.  Diactyl-l-mannoiacckaro- lactone  melts  at 
155°  (B.  21,  1422;  22,  525 ;  24,  541). 

(2)  d-  and  1-Idosaccharic  Acids  are  syrups.  They  are  obtained 
bv  oxidizing  the  corresponding  idonic  acid  (p.  567). 

'  (3)  Saccharic  Acid,  C0,H[CH0H]4C0,H,  exists  in  three  modifi- 
cations (space-formulas,  p.   558);  of  these  the  d-saccharic  acid  is 
ordinary  saccharic  acid. 
48 
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[d  -\-  lySacc^aric  Addis  fonned  bj  the  oxidatioo  of  [d  4-  l]*glaoooic  mcid.  Its 
monopotassium  salt  is  formed  on  mixing  solatioos  of  equal  quantities  of  the  d-  and 
I-salt.     Its  dihydratide  melts  at  2io9  (B.  23,  2622). 

Ordinary,  or  d-saccharic  acid,  results  in  the  oxidation  of  cane  sugar 
(B.  21,  R.  472)?  d-glucose  (grape  sugar),  d-gluconic  acid,  and  many 
carbohydrates  with  nitric  acid ;  also  from  the  action  of  bromine  water 
upon  glucuronic  acid. 

It  forms  a  deliquescent  mass,  readily  soluble  in  alcohol.  If  the  pure, 
syrupy  acid  be  allowed  to  stand  for  some  time,  it  changes  to  its  crys- 
talline lactonic  acid,  CeHgO;,  which  melts  at  130-132°.  It  changes  to 
glucuronic  acid  when  reduced  with  sodium  amalgam.  Hydriodic 
acid  reduces  it  to  adipic  acid.  When  oxidized  with  nitric  acid, 
dextro-tartaric  acid  (B.  27,  396)  and  oxalic  acid  are  formed. 

TYit  primary  potassium  salt,  CgH^KO,,  and  the  ammonium  salt,  C^H|(NH4)Og, 
dissolve  with  difficulty  in  cold  water,  'fhe  diethyl  ester  is  crystalline.  The  amide 
is  a  white  powder.  The  tetra-acetate  melts  at  61°.  Acetyl  chloride,  acting  upon 
free  saccharic  acid,  converts  it  into  the  lactone  0/ diacetyl-saccharic  acid,  CJtiJ^ .  C^- 
l\fi)f>^,  melting  at  188®.  Monomethylene  Saccharic  Acid  (A.  292,  40).  Its 
diamtde  is  a  white  powder. 

Its  dihydrazide  melts  at  2IO®  with  decomposition  (6.  21,  R.  186). 

\- Saccharic  acid  is  obtained  upon  oxidizing  1-gluconic  add  with  nitric  add.  It  is 
quite  similar  to  d-saccharic  acid,  but  is  lacTorotatory.  It  also  fonns  a  ^Mi^rmt/^f , 
melting  at  214°. 

(4)  Mucic  Acid,  C0,H[CH0H]4C0,H,  Acidum  nmcicum^  corre- 
sponds in  constitution  to  dulcitol.  It  has  the  space-formula  No.  7 
(P-  559)-  Tbis  is  also  evident  from  its  yielding  racemic  acid  on 
oxidation,  and  from  the  fact  that  it  is  formed  when  a-rhamnose  car- 
boxylic  acid  is  oxidized  (p.  567 ;  B.  27,  396). 

It  is  also  obtained  in  the  oxidation  of  dulcitol,  milk-sugar  (Prepara- 
tion, A.  227,  224),  d-  and  1-galactose,  d-  and  1-galactonic  acid,  and 
nearly  all  the  gum  varieties. 

It  is  a  white  crystalline  powder,  almost  insoluble  in  cold  water  and 
alcohol.  It  melts  at  210**  with  decomposition.  When  boiled  for 
some  time  with  water  it  passes  into  a  readily  soluble  lactonic  acid, 
QHgO,,  formerly  designated  paramucic  add,  d-saccharo-lactonic  acid 
(p.  569;  B.  24,  2141). 

Reduction  changes  this  muci-lactonic  acid  into  [d  -\-  l]-galactonic 
acid  (p.  567:  B.  25,  1247). 

Mucic  acid  heated  to  140^  with  pyridine  becomes  allomucic  acid, 
from  which  it  can  be  reformed  under  similar  conditions. 

The  ready  conversion  of  mucic  acid  into  furfurane  derivatives  is 
rather  remarkable.  Digestion  with  fuming  hydrochloric  or  hydro- 
bromic  acid  changes  it  to  furfurane  dicarboxylic  acid  {jiehydrmmtcU 

acid)  : 

CO,H 
CH(OII) .  CH(OH) .  CO.H     CH  =  C^ 
I  =1  >0         +3H,0. 

CH(OH) .  CH(OH) .  CO.H     CH  =  C. 

^COjH 
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When  mucic  acid  is  heated  alone  it  splits  off  carbon  dioxide  and 
becomes  furfurane  monocarboxylic  acid  {^pyromucic  acid')  : 

C4H4(OH)^(CO,H),  =  QH,0 .  CO,H  +  3H,0  +  CO,. 

Heated  with  barium  sulphide  it  passes  in  like  manner  into  a-thio- 
phene  carboxylic  acid  (B.  i8,  457). 

Pyrrol,  NHj,  CO,,  and  water  are  produced  when  the  diammonium 
salt  is  heated : 

C,H8(NH^),0,  =  C4H4NH  +  NH,  -f  2CO,  +  4H,0. 

The  neutral  potasnum  salt  and  ammonium  salt ^  C,Hg(NH4),Og,  crystallize  well 
and  dissolve  with  difficulty  in  cold  water ;  the  primary  salts  dissolve  readily.  The 
silver  salty  C^HgAg,Og,  is  an  insoluble  precipitate.  ^ 

The  diethyl  ester  melts  at  isS^*.   The  tetraacetate  melts  at  I77<>  (B.  ai,  R.  186). 

See  p.  467  for  the  action  of  PG^  upon  mucic  acid. 

(5)  AUomucic  Acid,  Qfi^fi^,  melts  at  166-171°,  is  optically  inactive,  and  more 
soluble  than  mucic  acid,  from  which  it  is  obtained  on  heating  with  pyridine,  and  into 
which  it  also  passes  (see  mucic  acid)  (B.  34,  2136). 

(6)  Talomucic  Acid,  CO,H[CHOH]4CO,H,  is  known  in  two  space-isomeric 
modifications : 

A'Tahmucic  A£id,mt\\xn%  with  decomposition  at  158°,  and  resulting  from  the 
oxidation  of  d-talonic  add  (B.  24,  3625). 

X'Talomucie  Acidf  prepared  by  oxidizing  /3-rhamnose  carboxylic  acid  (p.  5^7) 
(B.  27,  384). 

(7)  Isosaccharic  Acid,  CO,H .  tn .  CH(0H)OCH(0H) .  in .  CO,H,  results 
from  HQ-glucosamine  ^p.  550)  upon  oxidizing  it  with  nitric  acid  (B.  19,  1258^.  It 
melts  at  185°.  Its  solution  is  dextrorotatory ;  (a)^  =  -^  46. 1°.  The  acid  itself  and 
some  of  its  derivatives  must  be  regarded  as  compounds  of  tetrahydro-furfurane. 
This  is  evident  from  the  constitution  formula  of  the  acid.  Other  derivatives  should 
be  referred  to  isosaccharic  acid  -(-  H,0— that  is,  to  tetraoxyadipic  acid,  and  they 
are  described  as  derivatives  of  noriso-saccharic  acid ;  for  example,  the  diethyl  ester, 
CLHgOg(C,H.),,  melting  at  73°,  which  changes  in  the  desiccator  to  the  diethyl  ester 
of  isosaccnanc  acid,  CA{fi^{C^li^^t  melting  at  101°. 

The  diacetyl  isosaccharic  ester  melts  at  49°  (B.  27,  1 18). 


B.  PENTAOXYDICARBOXYLIC  ACIDS. 

Pentaoxypimelic  Acid,  Heptanpentol diacid,  CO^H  .  [CH  .  OH]}CO,H,  is 
produced  in  the  oxidation  of  glucose  carboxylic  acid  with  nitric  acid.  The  lactone  is 
crystalline,  and  melts  at  143^  (B.  19,  191 7). 

a-Carbozy-galactonic  Acid,  a-  Galaheptanpentol  Diacid,  CO,H[CHOHl^CO,H, 
is  formed  in  the  oxidation  of  galactose- carboxylic  acid  with  nitric  acid.  It  dissolves 
with  difficulty  in  water,  crystallizes  in  plates,  and  melts  at  171°  with  decomposition. 

)9-Qalaheptanpentol  Diacid,  from  /3-ga1aheptonic  acid  and  nitric  acid,  is  a  syrup 
(A.  288,  155). 

Osyketone  Tetracarbozylic  Acids :  Ethyl  Oxalo  -  citro  -  lactone  Ester, 
CO,R      CO,R   CO,R 

CH C CH„  boiling  at  210^  (30  mm.),  is  obtained  from  oxalacetic  ester 

io.coi 

through  the  aldol  condensation  and  lactone  formation  (A.  995,  347). 
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Diketo-tetnicarboxylic  Acids :  Ethyl  DiozaloBuecinic  Ester, 

CO,R .  CO .  CH .  CO,R 

nr\  j»   r^nk   Au   r*r\  r%  >  ^^^^  ^^  coodensing  sQcciDic  ester  and  oxalic  ester  with 
CU|K .  CU  .  CH  .  CO|R 

sodium  ethylate.     When  distilled  imder  greatly  reduced  pressure  it  loses  carfooo 

monoxide,  and   becomes   ethane    tetracarboxylic    ester.      When    it  is    separated 

by  means  of  sulphuric  acid  Irom  its  disodium  compound  it  changes  to  Etkyl 

COR   r^c^^^^ 

Dioxalo-nucituhlactoni  EUer,        ^^^^ '  V  —  ^>>o      .  meUing  at  89*  (A.  285, 1 1). 

COjR.CO.CH.CO 


CARBOHYDRATES.* 


This  term  is  applied  to  a  large  class  of  compounds,  including  the 
natural  sugars,  widely  distributed  in  nature.  They  contain  six,  or  a 
multiple  of  six  carbon  atoms.  The  ratio  of  their  hydrogen  and  oxy- 
gen atoms  is  the  same  as  that  of  these  elements  in  water. 

Most  of  the  carbohydrates  have  their  origin  in  plants,  although 
some  are  produced  in  the  animal  organism.  Those  which  occur  in 
the  vegetable  kingdom  meet  with  the  most  extensive  application. 

Carbohydrates  serve  for  the  preparation  of  alcoholic  drinks  (p.  122;. 
Starch  is  the  chief  ingredient  of  flour  from  which  bread,  the  most  im- 
portant nutrient,  is  made.  It  is  found  stored  up  in  potatoes  and  grain 
fruits.  Cellulose,  related  to  it,  is  the  principal  constituent  of  wood, 
and  is  applied  in  paper-making  and  for  the  production  of  explosives. 
The  carbohydrates  in  conjunction  with  the  albuminoids  constitute  the 
most  important  compounds  for  man. 

Their  molecular  magnitude  is  the  basis  of  their  arrangement  into 
these  classes : 

Monosesy  or  Monosaccharides^ 
ScucharobioseSy  or  Discucharides^ 
SaccharotrioseSy  or  THsaccharidcs^ 
Polysaccharides, 

The  monosaccharides,  including  grape  sugar  and  fruit  sugar,  have 
already  been  discussed  in  connection  with  the  hexahydric  alcohols, 
of  which  they  are  the  first  oxidation  products  (p.  542). 

Nearly  all  of  the  naturally  occurring  carbohydrates  are  optically 
active;  their  solutions  rotate  the  plane  of  polarization.  The  specific 
rotatory  power  is  not  only  influenced  by  the  temperature  and  con» 
centration  of  their  solutions,  but  very  frequently  also  by  the  pre- 
sence of  inactive  substances  (B.  ai,  2588,  2599).     Some  represen* 

*  "  Kohlenhjdrate/'  Ton  B.  Tollens.  **  Die  Chemie  der  Zuckerarten,"  too 
E.  O.  Ton  Lippmann,  II.  Auflage,  1895.  *'  Die  Chemie  der  Kohlenhydrate  und  ihit 
Bedeutung  f&r  die  Physiologic,'*  von  £.  Fischer,  1894. 
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tatives  also  manifest  the  phenomena  of  birotation  and  semirotation 
(P-  549)*  Constant  rotation  is  generally  attained  by  heating  the  solu- 
tions for  a  brief  period.  The  determination  of  the  gyratory  power 
of  the  carbohydrates  by  means  of  the  saccharimeter  serves  to  ascer- 
tain their  purity,  or  for  the  determination  of  their  amotmt  when  dis- 
solved :  optical  sugar  test,  saccharimetry  (p.  574). 


A.  DISACCHARIDE8,  SACCHAROBIOSES. 

Disaccharides,  consisting  of  two  molecules  of  glucoses  or  monoses 
(p.  549),  hence  termed  biases^  have  up  to  the  present  only  been  known 
with  the  hexoses,  CsH„0«.  Their  formula  would  therefore  be  CitH„0,i. 
By  the  absorption  of  water  they  are  resolved  into  two  molecules  of  the 
hexoses: 

Ci,H,Ai  +  H,0  =  2C,H„0e. 

This  reaction  is  known  as  hydrolytic  decomposition  or  hydrolysis. 
The  higher  carbohydrates  are  also  capable  of  undergoing  this  change. 

The  constitution  of  the  disaccharides  indicates  that  they  are  ether- 
Uke  anhydrides  of  the  hexoses.  The  union  is  effected  through  the 
alcohol  or  aldehyde  groups.  Milk  sugar  and  maltose  also  contain  the 
aldose  group,  CH(OH) .  CHO,  because  they  reduce  Fehling's  solution 
upon  boiling,  form  osazones  with  phenylhydrazine,  and  when  oxidized 
with  bromine  water  yield  monobasic  acids,  CuHnOn,  lacto-and  malto- 
bionicacid  (p.  576)  (B.  ai,  2633;  33,  361). 

Cane  sugar  does  not  show  reducing  power  and  does  not  yield  an 
osazone.  The  reducing  groups  (of  grape  sugar  and  fruit  sugar)  ap- 
pear to  be  combined  in  this  compound. 

The  osazones  of  some  of  these  sugars  split  off  glyoxalosazone  when 
treated  with  alkalies  (B.  39,  R.  991). 

Unorganized  ferments^  such  as  diastase  and  synaptase  or  emulsin  (contained  in 
sweet  and  bitter  almonds),  acting  upon  the  saccharides  produce  hydrolysis.  Inver- 
tin  (changing  a  dextro-gyratory  sugar  solution  into  laevo-rotatory  invert  sugar)^ 
ptyalin  (the  ferment  of  saliva),  trypsin,  pepsin,  and  other  animal  secretions  exert 
a  like  action. 

When  the  di-  and  poly-saccharides  are  heated  with  water  and  a  little  acid  they 
undergo  hydrolysis.  Its  rapidity,  according  to  Ostwald,  bears  a  close  relation  to  the 
affinity  of  the  acids  (Jour.  pr.  Chem.  (2),  31,  307).  Certain  inorganic  salts,  and  also 
glycerol,  are  capable  of  inverting  cane  sugar  (B.  ag,  R.  950;  27,  R.  574). 

Prolonged  heating  with  acids  causes  reversion  ;  the  glucoses  (especially  fructose) 
undergo  a  retrogressive  condensation  to  dextrine-like  substances  (B.  23,  2094). 

Cane  Sugar,  Saccharose,  Saccharobioscy  CisHnOu,  the  most  im- 
portant of  the  sugars,  occurs  in  the  juice  of  many  plants,  chiefly  in 
sugar  cane  {Saccharum  officinaruni)  (20  per  cent,  of  the  juice),  in  some 
varieties  of  maple,  and  in  beet-roots (^^/^  maritimct)  (10-20  per  cent.), 
from  which  it  is  prepared  on  a  commercial  scale ;  and  also  in  the  seeds 
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of  some  plincs^     Wh.Ie  ibe  hgioscs  occur  mainlj  in  fonts,  cane  sugar 

Ir  ccciained  in  the  stalks  of  plants. 


horn  sa^m  chm  horn  the  eailiest  tnna.    In 
%agm  c^zjt  was  a  varxj  m  Oamamj ;  k  «ss  ooly  alicr  the  discoveiy 
of  Aaoica  tiiM  c  vas  frmioallT  BUrodaced  as  a  swecfeniBg  agcoC     In  1747  Biaig- 
~*  in  BoiiB,  dzscc^oed  case snfv  in  bect-ioais;  hii  nbscitatiops  becane  the 

of  ifae  beet-^G^ir  coiis&T. 
In  i&oi  Ackwd,  u  >i>sia^  erected  the  fint  bccc-s^sv  fiKtoT-    The 


Wiwitaiir  fiorced  by  Napoicon  I  haggaed  Ae  developaMnt  of  the  newiadustij,  which 
t  hkj  yean  hns  Mtained  a  cooatandy  muinMng  ianwtaiMr  in  Gennany. 
jrodnces  abont  une-fciwth  of  the  total  sacv  yield  of  Ae  world.  In  the 
1^91-^403 factories  iiiniBiiil  9^4^,002  tons  (I  loo  =  looo  kilos)  of  beets, 
which  were  oUainrd  froaa  164,774  hec^res,  and  pweto  iiiWMMri  1,144,568  tons 
of  bect-safar,  firoa  which  the  cuwcui  gathered  7S/xx»,ooo  M.  icfeMucf 


the  inely  divided  beets  by  Ae  diffiisiiai  pmceM>     The  iffhariue  jnice  difibses 
thn-Qgh  the  ceil  walls,  whoeas  the  colloids  in  the  htfter  RBain  behind. 

TIk  filtered  sap  is  heated  10  80-90^  widb  nulk  of  inae,  to  satnnte  the  adds,  and 
pvccipitale  the  albnnuouKl  labstances.     The  joice  is  next  satarated  with  carbon 


acid,  or  'iA\  <  arresting  fementMian),  filtered  throogh  animal 
charcoal,  coocentrated,  and  fintber  etap<wated  in  m^aomr  pmms  to  a  thick  sjnip,  oat 
of  which  the  solid  sogar  sepantes  00  cooling.  The  raw  sngar  ohtaiwd  in  this  man- 
ner is  farther  pnnbed  with  a  pore  sugar  solutiaa,  in  the  ceotrifogal  machine,  etc — 
rrfitud  smgar, 

Sogar  may  be  obtained  finxn  the  sjnipy  mother  latcpoi — the  miJawrs,  whidi  cannot 
be  broogbt  to  orystaliuatioo : 

( 1 )  By  «niMm,  depetiding  opoo  difinsion  throogh  parrbment  fM^ter,  in  appantns 
similar  to  filter  presses. 

(2)  BjwasJkmg  (dation)  (Scbeibler,  1865V 

The  sparingly  solabie  aaccharates  of  lime  and  stioutium  are  obtained  from  the 
molasses  (see  below)  and  these  are  freed  from  imparities  by  washing  with  water  or 
dilate  alcohol  (elation).  The  parificd  saccharates  are  afterwards  decomposed  by 
carbon  dioxide,  and  the  jaice  which  is  then  obtained,  after  the  above  plan,  is  fiirther 
worked  op. 

The  molasses  is  also  worked  1^  into  rum  (p.  122). 

Properties. — ^When  its  solations  are  evaporated  slowly  cane  sugar 
separates  in  large  monoclinic  prisms,  and  dissolves  in  ^  part  water 
of  medium  temperature ;  it  dissolves  with  difficulty  in  alcohol.  Its 
sp.  gr.  equals  1.606.  Its  real  rotatory  power.  A.,  at  20**  is  -(-66.5® 
(B.  17,  1757).  Cane  sugar  melts  at  160^,  and  on  cooling  solidifies 
to  an  amorphous  glassy  mass ;  in  time  this  again  becomes  crystalline 
and  non-transparent.  At  190-200^  it  changes  to  a  brown  non- 
crystallizable  mass,  called  caramel^  which  finds  application  in  coloring 
liquors. 

The  quantity  of  sugar  in  solution  may  be  determined  by  polariza- 
tion, using  the  apparatus  of  SoUH-  Ventzke-Scheibler^  or  the  half-shadow 

*  Ein  Jahrbandert  chemischer  Forschnng  anter  dem  Schirme  der  Hohenzollem, 
▼on  A.  W.  Hofmann,  1881. 

t  Statistisches  Jahrbach  fUr  das  dentsche  Reich,  beraosg^eben  von  Kaiserlidien' 
stattfttischen  Amt     I4.  Jahrgang  1893.     S.  24,  174. 

•  Hdb.  d.  cheoL  Tecbnologie,  Ferd.  Fischer,  1893.    S.  851-888. 
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instrumeDt  devised  by  Schmidt  and  Hansch  (B.  27,  2282),  as  well  as 
by  means  of  the  saccharimeter  of  Brix. 

Transformations  and  Consiitution, — Cane,  sugar  decomposes  into 
d-glucose  and  d-laevulose  (invert  sugar)  when  boiled  with  dilute  acids. 
Ferments  also  hydrolyze  it.  It  is  only  after  this  occurs  that  it  is 
capable  of  reducing  Fehling's  solution.  Mixed  with  concentrated 
sulphuric  acid  it  is  converted  into  a  black,  humus-like  body.  d-Sac- 
charic  acid,  tartaric  acid  and  oxalic  acid  are  formed  when  it  is  boiled 
with  nitric  acid.  Cane  sugar  heated  to  160°  with  an  excess  of  acetic 
anhydride  gives  octacetyl  ester^  CuHuOsfO  .  CH.OV  This  latter  fact 
and  the  failure  of  cane  sugar  to  reduce  Fehling's  solution  under 
ordinary  conditions  are  made  to  appear  in  the  following  formulas : 


I.  (Tollcni)     .CH O      CH.OII  II.  (E.  Fischer)    /  CH O      CH,OH. 


OH 
OH 


/  CH .  on        /  CH.OH  \  CH .  OH        /  CH. 

\  CH.OH      \  CH.OH  \<!:h  \  in. 

CH.oii      \cH  (!:hoh        \(!:h 

CH,  CHjOH.  CHjOH  CH,OH 

Cane-sugar  yields  sacchaxxites  with  the  bases.  Alcohol  will  precipitate  the  mtmo- 
basic  saccharate^  C,,H„0,,  .  CaO  -j-  2H,0.  The  tribasic  saccharate^  C„H,^0,,  .- 
jCaO,  is  not  readily  soluble  in  water  f B.  x6,  2764).  Strontium  and  barium  give 
perfectly  similar  saccbarates  (B.  x6,  984)  (p.  574).  The  teiranitrate,  ^i^itf^O^)^- 
0||y  explodes  violently. 

Milk  Sugar,  Lactose,  Lactobiose^  Ci3H„0,i  -)-  H,0,  occurs  in 
the  milk  of  mammals,  in  the  amniotic  liquor  of  cows,  and  in  certain 
pathological  secretions.  Fabriccio  Bartoletti,  of  Bologna,  discovered 
it  in  1615. 

Milk  sugar  is  prepared  from  whey.  This  is  evaporated  to  the  point  of  crystalliza- 
tion, and  the  sugar  which  separates  purified  by  repeated  crystallization. 

Milk  sugar  crystallizes  in  white,  hard,  rhombic  prisms.  It  becomes 
anhydrous  at  140°,  and  melts  with  decomposition  at  205^.  It  is 
soluble  in  6  parts  cold  or  2^  parts  hot  water,  has  a  faint  sweet 
taste,  and  is  insoluble  in  alcohol.  Its  aqueous  solution  is  dextro- 
rotatory and  exhibits  bi-rotation  (p.  549).  It  resembles  the  hexoses 
in  reducing  ammoniacal  silver  solutions;  this  it  effects  even  in  the 
cold,  but  in  case  of  alkaline  copper  solutions  boiling  is  necessary  to 
reach  the  desired  end. 

Transformations  and  Constitution. — Milk  sugar  yields  galactose  and  d-glucose 
when  it  is  heated  with  dilute  acids ;  it  ferments  with  difficulty  with  yeast,  but  under- 
goes the  l€iftic  fermentation  with  great  readiness  (p.  335).  Nitric  acid  oxidizes  it  to 
d-saccharic  acid  and  mucic  acid. 

Bromine  water  converts  it  into  lactobionic  acid,  C|,H„0],,  which  is  changed  to 
d-gluconic  acid  and  d-galactose  upon  digesting  it  with  acids  (B.  aa,  362). 
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Latttu  (^rttrt^-  Arid,  C^H„Oj, .  CO,H,  ii  produced  by  (he  addition  of  hfdto- 
cranic  aad-  I<  decsofmn  into  d-glncoheptooic  acid  (p  568)  and  d-galactose  (A. 
S71.I9S>.  Ca>ii;«FBaacchariD,p.537.  PktHylLailoiatoHi.i^AiJi^Ji^HZ^H^]^. 
DTltt  ai  aDC*  J>  ■O.SJ9).  Ortaifrfy  iarfoK,  C„H„0,riK:0 .  CH,]„  melis  ar 
95-ior'   R  ^  )4S  j)'     TbcM  traniToniiatioiw  can  be  Dodentood  fniiu  the  fullow- 


.-fi,.MI .  CH .  OH .  CH[CHOH],CH— O— CH,[CH.  OHj^CHO. 

inlphate  of  amido- 


«,  Malt  Sugar,  Maliebieie,  CuH„0„  +  H,0,  is  a  variety 
<i  -ui^-v  SxTDcd,  together  with  dextrine,  by  the  action  of  malt  diastase 
-•.  '  ^;'  upon  starch  (In  the  mash  of  whiskey  and  beer).  It  is  capa- 
<M.  .-1  c:rect  fermentation.  It  is  also  an  intermediate  product  in  the 
*  ■«.«  v'(  dilute  sulphuric  acid  upon  starch,  and  of  ferments  (diastase, 
«.i    *.  ittncreas)  upon  glycogen  (p.  578). 

V-i.xwe  is  usually  obtained  in  the  form  of  crystalline  crusts,  com- 
.VM.V  01  hard,  white  needles;  [o]  f  =  137*'  (B.  a8,  R.  990),  and  can 
>v  .'Oixuned  from  starch  by  means  of  diastase  (A.  320,  309). 

r--n^formatitiu. — ^It  wu  fonaerlj  believed  tbat  maltose  conld  be  diredl;  fer- 
■i:>fW>J  by  yeast.  It  appears,  howerer,  that  there  n  pruent  a  second  eBzyme  (along 
^ii)  loircniD,  which  does  not  hydn)lyz«  maltose)  in  the  yeut.  This  (glucase  ?] 
.,c%.>NM(uses  the  mallose  into  glucose  (U.  ag,  R.  663).  It  reduces  Febling's  Bolation 
ju.>  IB  (be  presence  of  grape  augir,  which  il  resembles  very  closely  (A,  330,  220). 

biAIia*  does  not  exert  any  further  change  upon  mikosE ;  when  boiled  with  dilate 
k.'<lN.  II  absorbs  water  and  passes  completely  inlo  dglucosc  or  grape  lugar.  Nitric 
^..1  iNiidiies  it  to  d-Mcchanc  acid,  while  chlorine  changes  it  (o  mallo.bionic  acid, 
I,    !l.gt),^    This  yields  grape  sugar  and  d-glaconic  acid  when  it  is  healed  with  acids. 

'^Ivdiocyanic  acid  transrorms  il  into  maltose  carboiylic  acid,  C,,H„0„ .  CO,H, 
vtiKtt  decomposes  into  d  glucose  and  d  glucoheptonic  acid  (A.  373.  zoo). 

Wbeo  tmiled  with  lime  water,  ii  forms  IsosacchariH  (p.  537).  Ocioaitlmalteti, 
■■".HiAC^CO.CH,),,  melts  at  I56«  (A.  330,  316;  B.  s8. 1019).  PAmylmallfsaumt 
'uolLt  al  306°  (B.  ao,  831).  Maltose  and  milk  sugar  possess  the  same  atnictural 
ii>imula(B.  33.  194')- 

I'he  following  saccharobioses  are  teu  impoilani :  Immaltase,  C,,H„0„.  Uomrric 
oitli  maltose,  results  from  the  action  of  hydrochloric  acid  upon  d-glncose  (B.  38, 
WJ4),  and  in  the  mashing  process  (B.  35,  R.  577) ;  [o],  =  -f-  70"  (B.  39,  R.  991}. 
VcLtl  does  Dot  fennenlit;  diastase  coDverts  il  into  maltose.     Its  esatorutaA\a  at 

'^Mycwe,  Ci,H„0„  +  iH,0.  Trehalose  (B.  94,  R.  554;  a6,  133').  ocean  in 
.cvtf.aUpecie*  of  l^ngi— *./.,  \a  Boirlus  edulii  (B.  37,  R.  511),  in  ei^iot  of  rye,  and 
„.  •■        -  — '  TVikaJa.     Acids  conTcrt  it  into  dglucose  {B.  a6,  3094). 

-  H— 0,1,  is  produced  in  the  hydrolysis  of  melitrioae.  Further 
s  it  into  d-glucose  and  d-galacCose  (B.  33,  31 18 ;  33,  I438,  3066). 
|H„0„,  «  white  mass,  [a],  =  +  65  to  +  68",  is  formed  along 
the  partial  hydrolysis  of  meleiitose.     Its  luamK  melts  at  xiS-uo" 

]  O,,,  is  obtained  from  the  stalks  of  Agavt  ttmoicana  (B.  36,  R. 
,  ^|Hm'^ii>  '^  contuoed  in  certain  seeds  (B.  35,  2313). 
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B.  TRISACCHARIDES,  SACCHAROTRIOSES. 

Melitose,  Raffinose,  CwHgaOis  +  sHjO,  Melitriose  (B.  21,  1569) 
[o]„=r  104°.  It  occurs  in  rather  large  quantity  in  Australian  manna 
(varieties  of  Eucalyptus),  in  the  flour  of  cotton  seeds,  in  small  amounts 
in  sugar  beets,  and  being  more  soluble  than  cane  sugar,  it  accumulates 
in  the  molasses  in  the  sugar  manufacture.  From  this  it  crystallizes 
out  with  the  sugar  (A.  232,  173).  Its  crystals  have  peculiar  terminal 
points,  and  show  strong  rotatory  power  (Plus  sugar). 

To  determine  the  raffinose  quantitatively  consult  B.  19,  2872,  3116. 

By  hydrolysis  it  yields  fructose  and  melibiose  (B.  22,  1678;  23,  R.  Z03). 

Melezitose,  CigH^^Oi^  4-  2H,0,  occurs  in  the  juice  of  Pinus  larix,  and  in  the 
Persian  manna.  It  resembles  cane  sugar  very  much.  It  is  distinguished  from  the 
latter  by  its  greater  rotatory  power  (B.  a6,  R  694),  and  in  not  being  so  sweet  to  the 
taste.  It  melts  at  148^  when  anhydrous.  It  is  also  a  triose  (B.  2a,  R.  759).  It 
decomposes  by  partial  hydrolysis  into  d>glucose  and  turanose  (B.  27,  2488). 

Stachyoee,  C^gHgOj^i  is  obtained  from  Stachys  tuberifera  (B.  24,  2705). 


C.    POLYSACCHARIDES. 

It  is  very  probable  that  the  polysaccharides  having  the  empirical 
formula  QHioOs,  really  possess  a  much  higher  molecular  weight, 
(CjHjoOs)..  They  differ  much  more  from  the  hexoses  than  the  di-and 
tri -saccharides.  They  are,  as  a  general  thing,  amorphous,  dissolve 
with  difficulty  in  water,  and  lack  most  of  the  chemical  characteristics 
of  the  hexoses.  By  hydrolysis,  that  is  when  boiling  them  with  dilute 
acids,  or  under  the  influence  of  ferments  (p.  519))  nearly  all  are  finally 
broken  up  into  monoses  (see  dextrine).  Their  alcoholic  nature  is 
shown  in  their  ability  to  form  acetyl  and  nitric  esters.  They  may  be 
classified  as  starches,  gums  and  cellulose. 

There  are  certain  gums,  like  cherry  gum  and  beech  wood  gum,  which  yield  pen- 
toses by  hydrolysis.  They  are,  therefore,  called  peniosanes  to  distinguish  them  from 
the  glucosanes — the  polysaccharides,  which  break  down  into  glucoses  when  they  are 
hydrolyzed  (B.  27,  2722). 

Starches. — (i)  Starch,  Amylum,  (CjHioOj)^,  is  found  in  the  cells  of 
many  plants,  in  the  form  of  circular  or  elongated  microscopic  granules, 
having  an  organized  structure.  The  size  of  the  granules  varies,  in 
different  plants,  from  0.002-0.185  mm.  Air-dried  starch  contains 
10-20  per  cent,  of  water;  dried  over  sulphuric  acid  it  retains  some 
water,  which  is  only  removed  at  100°.  Starch  granules  are  insoluble 
in  cold  water  and  alcohol.  When  heated  with  water  they  swell  up  at 
50**,  burst,  partially  dissolve,  and  form  starch  paste,  which  turns  the 
plane  of  polarization  to  the  right.  The  soluble  portion' is  called 
granulose,  the  insoluble,  starch  cellulose.  Alcohol  precipitates  a  white 
powder — soluble  starch — from  the  aqueous  solution.  The  blue  colora- 
49 
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tion  produced  by  iodine  is  characteristic  of  starch,  both  the  soluble 
variety  and  that  contained  in  the  granules  (B.  25,  1237 ;  37,  R.  602  ; 
28,  385,  783).  Heat  discharges  the  coloration,  but  it  reappears  on 
cooling.  Consult  B.  28,  R.  1025,  for  a  quantitative,  colorimetric 
method  for  the  determination  of  starch. 

Boiling  dilute  acids  convert  starch  into  dextrine  and  d-glucose 
(KirchhofT,  1811).  When  heated  from  160-200**  it  changes  to  dex- 
trine. Malt  diastase  changes  it  to  dextrine,  maltose,  and  isomaltose 
(p.  576)  (B.  27,  293).  This  is  a  reaction  which  is  technically  con- 
ducted on  a  large  scale  in  the  manufacture  of  alcohol  from  starch  (p. 
122). 

(2)  Paramylum^  (^^10^5)^9  cxxurs  in  the  infusoria  Euglena  viridis.  It  is  not 
colored  by  iodine,  and  is  soloble  in  potassium  hydroxide. 

(3)  ZiV^^m'if^,  (C,H,oOj)b  ,  moss-starch,  occurs  in  many  lichens,  and  in  Iceland 
moss  ( Ceiraria  islandicat).  Iodine  imparts  a  dirty  blue  color  to  it  It  yields  d-glucose 
when  boiled  with  dilute  acids. 

(4)  InuHn  is  found  in  the  roots  of  dahlia,  in  chicory,  and  in  many  G>mpo&itse 
(like  Inula  heUnium).  Iodine  gives  it  a  yellow  color.  When  boiled  with  water  it 
is  completely  changed  to  d-fructose. 

(5)  Glycogen t  iS^vf^h^^  >  >uiima]  starch,  occurs  in  the  liver  of  mammals.  Boiling 
with  dilute  acids  causes  it  to  revert  to  d-glucose,  and  ferments  change  it  to  maltose. 

The  Gums,  (CjHioOj)^. — ^These  are  amorphous,  transparent  sub- 
stances widely  disseminated  in  plants ;  they  form  sticky  masses  with 
water  and  are  precipitated  by  alcohol.  They  are  odorless  and  taste- 
less. Some  of  them  yield  clear  solutions  with  water,  while  others 
swell  up  in  that  menstruum  and  will  not  filter  through  paper.  The 
first  are  called  the  real  gums  and  the  second  vegetubU  mucilages. 
Nitric  acid  oxidizes  them  to  mucic  and  oxalic  acids. 

Dextrine,  Starch  Gum,  Leiocome. — By  this  name  are  understood 
substances  readily  soluble  in  water  and  precipitated  by  alcohol;  they 
appear  as  by-products  in  the  conversion  of  starch  into  dextrine,  e,g,y 
heating  starch  alone  from  170-240**,  or  by  heating  it  with  dilute 
sulphuric  acid.  Different  modifications  arise  in  this  treatment :  amylo- 
dextrincy  crythrodextrine^  achroodextrine  ;  they  have  received  little  study 
(B.  28,  R.  987;  29,  R.  41).  They  are  gummy,  amorphous  masses, 
whose  aqueous  solutions  are  dextro-rotatory,  hence  the  name  dextrine. 
They  do  not  reduce  Fehling's  solution,  even  on  boiling,  and  are 
incapable  of  direct  fermentation ;  in  the  presence  of  diastase,  how- 
ever, they  can  be  fermented  by  yeast  (p.  122).  They  are  then  con- 
verted into  d-glucose.  They  yield  the  same  product  when  boiled  with 
dilute  acids.  The  dextrines  unite  with  phenylhydrazine  (B.  26,  2933). 
The  yeast  gum,  present  in  yeast  cells,  has  been  isolated  (B.  5^7,  925). 

Dextrine  is  prepared  commercially  by  moistening  starch  with  two  per  cent,  nitric 
'ing  it  to  dry  in  the  air,  and  then  heating  it  to  1 10°.     It  is  employed  as  a 
rgura  (B.  23,  2104). 

lum  exudes  from  many  plants,  and  solidifies  to  a  transparent,  glassy, 
lass,  which  dissolves  in  water  to  a  clear  solution.  Gum  arabic  or  gum 
ists  of  the  potassium  and  calcium  salts  of  arabic  acid.     The  latter  can 
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be  obtained  pure  by  adding  hydrochloric  acid  and  alcohol  to  the  solution.  It  is  then 
precipitated  as  a  white,  amorphous  mass,  which  becomes  glassy  at  ioo°,  and  possesses 
the  composition  (C^H^gOg),  -f  H,0.  It  forms  compounds  with  tiearly  all  the  bases ; 
these  dissolve  readily  in  water. 

Some  gum  varieties,  e.  g. ,  gum  arabic,  yield  galactose  in  considerable  quantity 
when  boiled  with  dilute  sulphuric  acid ;  and  with  nitric  acid  they  are  converted  into 
mucic  acid ;  others  (like  cherry  gum)  are  transformed  on  boiling  with  sulphuric  acid 
into  l-arabinose,  C5H10O5  (p.  536),  and  into  oxalic  acid,  not  mucic  acid,  by  nitric 
acid.  The  gum,  extracted  from  beechwood  by  alkalies  and  precipitation  with  acids, 
b  converted  into  xylose  (p.  536)  by  hydrolytic  decomposition.  Hence  these  gums 
must  be  regarded  as  pentosanes  (p.  577)  (B.  ay,  2722). 

Bassorin,  vegetable  gum,  constitutes  the  chief  ingredient  of  gum  tragacanth, 
Bassora  gum,  and  of  cherry  and  plum  gums  (which  last  also  contain  arabin).  It 
swells  up  in  water,  forming  a  mucilaginous  liquid,  which  cannot  be  filtered ;  it  dis- 
solves very  readily  in  alkalies. 

Pectint  substances  (from  iHfKTo^,  coagulated)  occur  in  fruit  juices,  e.  g.,  apple,  cher- 
ries, etc.  They  cause  these,  under  suitable  conditions,  to  gelatinize.  They  are  closely 
allied  to  the  vegetable  gums,  and  may  be  regarded  as  oxyvegetable  gums  (A.  286, 
278 ;  B.  a8,  2609). 

Cellulose,  (CuH^Oio),,  Wood  Fibre,  LignosCy  forms  the  principal 
ingredient  of  the  cell  membranes  of  all  plants,  and  exhibits  an  organ- 
ized structure.  To  obtain  it  pure,  plant  fibre  or,  better,  wadding  is 
treated  successively  with  dilute  potash,  dilute  hydrochloric  acid,  water, 
alcohol,  and  ether,  to  remove  all  admixtures  (incrusting  substances). 
Cellulose  remains  then  as  a  white,  amorphous  mass.  Fine,  so-called 
Swedish,  filter  paper  consists  almost  entirely  of  pure  cellulose,  which 
can  readily  be  made  very  combustible  by  the  addition  of  nitrocellu- 
lose (B.  27,  R.  526). 

Cellulose  is  insoluble  in  most  of  the  usual  solvents,  but  dissolves 
without  change  in  an  ammoniacal  copper  solution.  Acids,  various 
salts  of  the  alkalies  and  sugar  precipitate  it  as  a  gelatinous  mass  from 
such  a  solution.  After  washing  with  alcohol  it  is  a  white,  amorphous 
powder.  Cellulose  swells  up  in  concentrated  sulphuric  acid  and  dis- 
solves, yielding  a  paste  from  which  water  precipitates  a  starch-like 
compound  (amyloid),  which  is  colored  blue  by  iodine.  After  the  acid 
has  acted  for  some  time  the  cellulose  dissolves  to  form  dextrine,  which 
passes  into  grape  sugar,  when  the  solution  is  diluted  with  water  and 
then  boiled.  The  compound  CijH,404(OCOCH8)s,  an  amorphous 
mass,  is  produced  on  heating  cellulose  with  acetic  anhydride  to  180^. 
•  Cellulose  is  used  in  making  paper,  oxalic  acid  (p.  432),  parchment 
paper,  gun  cotton,  smokeless  powder,  and  celluloid. 

So-called  parchment  paper  (vegetable  parchment)  is  prepared  by 
immersing  unsized  filter  paper  in  sulphuric  acid  (diluted  one-half  with 
water)  and  then  washing  it  with  water.  It  is  very  similar  to  ordinary 
parchment,  and  is  largely  employed. 

Cold,  concentrated  nitric  acid,  or,  what  is  better,  a  mixture  of  nitric 
and  sulphuric  acids,  converts  cellulose  or  cotton  into  esters  or  so-called 
nUro-celluloses. 

The  resulting  products  exhibit  varying  properties,  depending  upon  their  method  of 
formation.     Pure  cotton  dipped  for  a  period  of  three  to  ten  minutes  into  a  cold  mix- 
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tnre of  iHNOLand  2-3H,S04, then  carefully  washed  with  water, giTes  gim  cottoo 
(pyroxylin).  This  is  insoluble  in  alcohol  and  ether  or  even  in  a  miztnre  of  the  two. 
It  explodes  TiolentQr  if  fired  in  an  enclosed  space,  either  by  a  blow  or  percussion.  It 
bums  energetically  when  ignited  in  the  air,  but  does  not  explode.  Cotton  expoMd 
for  some  time  to  the  action  of  a  warm  mixture  of  20  parts  polverixed  nitre  and  30  parts 
concentrated  sulphuric  add  becomes  sduhie  pyr9xylin^  which  dissolTes  in  ether  con- 
taining a  little  alcohol.  The  solution,  termed  collodion^  leaves  the  pyroxylin,  on 
evaporation,  in  the  form  of  a  thin,  transparent  film,  not  soluble  in  water.  It  is  em- 
ployed in  covering  wounds  and  in  photography. 

In  composition  gun  cotton  is  celluUse  hexa-nitrate^  ^t^u(^  •  ^^s)«0«>  whereas 
the  p3rroxylin,  soluble  in  ether  and  alcohol,  is  essentially  a  teira-nitrate^  Hs^is(0  •  ~ 
Na).Oj,  and  ^.ptntaniirate,  Cj,H,j(0.  NO,).©,  (B.  13, 186). 

Collodion  dissolved  in  nitroglycerol  (equal  parts)  yields  explosive  gelatine  or 
smokeless  powder  (B.  ay,  R.  537). 

Celluloid  is  a  mixture  of  nitrocellulose  and  camphor.  It  is  a  hard,  gummy  mass. 
It  possesses  the  disadvantage,  from  a  technical  standpoint,  that  it  burns  very  ener- 
getically when  it  has  been  once  ignited. 


ANIMAL  SUBSTANCES  OF  UNKNOWN 

CONSTITUTION. 

Now  that  the  description  of  the  aliphatic  bodies  has  been  con- 
cluded, certain  substances  of  animal  origin  will  be  mentioned.  Their 
exhaustive  treatment  properly  belongs  in  the  province  of  physiological 
chemistry.  It  is  especially  noteworthy  that  very  frequently  well-known 
amido-acidsof  the  aliphatic  series  are  found  among  the  decomposition 
products  of  these  rather  enigmatical  bodies.  Many  of  the  substances 
described  in  the  following  pages  occur,  both  in  the  vegetable  and  ani- 
mal kingdoms,  in  closely  related  modifications  of  uncertain  constitu- 
tion, e,  ^.,  the  albuminous  bodies,  the  nucleines,  the  cholesterines,  the 
enzymes,  etc.,  and  also  the  carbohydrates  (p.  572)  and  Ucithins  (j^, 
475),  which  have  already  received  mention. 


ALBUMINOUS  SUBSTANCES,  AZ^BUMINATES.* 

These  were  formerly  known  as  protein  substances,  and  form  the 
principal  constituents  of  the  animal  organism.  They  also  occur  in 
plants  (chiefly  in  the  seeds),  in  which  they  are  produo^  exclusively. 
When  absorbed  into  the  animal  organism  as  nutritive  matter  they  sus- 
tain but  very  slight  alteration  in  the  process  of  assimilation. 


*  Die  Eiweissarten  der  Getreidearten,  HiilsenfrQchte  und  Oelsamen  von  H.  Ritt- 
hausen,  1872.  Handbuch  der  physiologisch-  and  pathologisch-chemischen  Analyse, 
▼on  F.  Hoppe-Seiler,  1893.  "  Eiweisskdrper,"  Artikd  Yoa  Drednel  in  Laden- 
burg's  Handw.,  1885. 
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The  composition  of  the  different  albuminous  bodies  varies  within  definite  limits: 

C  50.0  to  55.0  per  cent.  Crystallized  Albumin :  C  51.48  per  cent. 

H     6.9  "     7.3      ««  H     6.76 

N  15.0  *•    19.0      ««  N  18.14 

O  19.0  •*  24.0     «  O  22.66 


<« 
it 


S      0.3  **     24     ««  S     0.96 


<« 


Stohmann  and  Langbein  (J.  pr.  Ch.  [2]  44,  345)  have  calculated  the  formula 
^m^iiu^tififiui  ^^^  crystallized  albumin. 

The  molecular  magnitude  of  no  albuminous  substance  is  definitely  known.  There 
is  no  doubt  but  that  their  molecular  weights  are  large.  Sabanejeff,  employing  Raoult's 
method,  obtained  15,000  for  the  molecular  value  of  purified  egg  albumen.  All 
albuminous  bodies  rotate  the  plane  of  polarization  to  the  left.  They  always 
leave  an  inorganic  residue  when  they  are  burned.  In  the  solution  and  precipitation 
processes  employed  in  obtaining  them  free  from  mineral  ash,  the  albumin  frequently 
sustains  a  change  in  its  properties  (B.  25,  204). 

When  boiled  with  dilute  sulphuric  or  hydrochloric  acid,  or  with 
baryta  water,  the  decomposition  products  are,  in  addition  to  am- 
monia and  carbon  dioxide,  mainly  amido-acids  of  the  fatty  series: 
glycocoll,  leucine,  leuceines,  C.H,n_4N0,  (unsaturated  glycines),  as- 
partic  and  glutaminic  acids,  C5H9NO4  (p.  493);  and  diamidocar- 
boxylic  acids  (p.  481),  f,g.,  ae-diamidocaproic  acid  (?  lysine,  B.  25, 
2456,  3504),  as  well  as  ^9  phenyl-a-amidopropionic  acid,  tyrosine,  etc. 

Furthermore,  hydrochloric  acid  and  stannous  chloride  convert  albuminous  sub- 
stances into  two  bases  analogous  to  cieatine  and  creatinine :  Lysafin,  CgHj^N^O,, 
and  Lysatinin.  These  are  said  to  yield  urea  when  they  are  decomposed  (B.  23, 
3096).  Arginine^  ^^u^iO^  (Z.  phys.  Ch.  ax,  155),  should  also  be  added  to  the 
list  of  decomposition  products.  Concentrated  hydrochloric  acid  is  said  to  have  con- 
verted albumin  into  a  dihydroxypyridine  melting  at  295^  (B.  29,  2109,  R.  15). 

Loew  maintains  that  the  production  of  albumin  in  plants  is  due  to  the  condensa- 
tion of  asparagine  aldehyde  (rflttger's  Arch.  22,  503). 

The  putrefaction  caused  by  the  activity  of  lower  organisms — bacilli,  bacteria,  etc. — 
in  albuminous  bodies  gives  rise  not  only  to  fatty  acids  as  far  as  caproic  acid,  but  also 
to  iamidcvaleric acid {^,  359)  (B.  24,  \7fyi^,phenyl-actHc acid^  C^H^CH, .  COOH, 
f^oxyphenyl-profntmic  acid,   H0[4]C,H^[i]CH,.CH,.C0,H,  phenol,    C^H^OH, 

indol,  C.H,  I  JjJnS/^"'  -^^^'^^  ^'  ^'f^'^hi'indol,  C,H,  {  J^Jn^h!!!^^"' 

skaiol'carboxylic   acid,    C^H^  |  [a^N^^^^l!^  •  CO,H,     and    skaiol-aceHc    acid, 

^"4  {  S2)NH^^^"«^^«"  (^-  "'  701). 

Basic  compounds  also  result  in  this  decomposition.  These  are  the  diamines  and 
imines  of  the  paraffin  series,  and  have  been  called //^mam^i  or  toxines  (p.  310). 

Indol  and  skatol  have  also  been  obtained  from  albumin  by  the  action  of  caustic 
potash. 

Certain  pathogenic  micro-organisms,  as  diphtheria  and  anthrax  bacilli,  produce  a 
decomposition  that  is  far  more  extended,  and  results  in  the  formation  of  poisonous 
substances  somewhat  similar  to  albumin  and  peptone,  which  have  been  termed 
toxalbumins  :  these  lose  their  toxic  properties  when  their  aqueous  solutions  are  healed 
(B.  23,  R.  251). 

The  nitrogenous  derivatives  of  albumin,  voided  with  urine,  can  not  in  general  be 
oUained  artificially  from  the  albuminous  bodies.  The  organism,  by  oxidation  and 
decomposition,  changes  albumin  into  an  ammonium  salt,  which  is  then  further  syn- 
thetically worked  up,  chiefly  in  the  liver,  to  urea,  uric  add,  and  other  amido-bodies. 
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The  albuminates  are  usually  insoluble  in  water.  Their  presence  in 
the  juices  or  fluids  of  the  living  organism  is  entirely  due  to  the  pres- 
ence of  salts  and  other  substances,  which  are  but  partly  understood. 
They  are  insoluble  in  alcohol  and  ether;  most  of  them  are  precipitated 
on  boiling  in  weak  acetic  acid  solution,  also  by  acetic  acid  and  potas- 
sium ferrocyanide,  or  acetic  acid  and  sodium  sulphate,  and  by  certain 
mineral  acids,  as  well  as  by  salts  of  the  heavy  metals. 

Many  albuminous  substances  are  separated  from  solution  by  boiling, 
by  alcohol,  by  mineral  acids,  etc.  They  are  coagulated^  Their  solu- 
bility is  entirely  changed.  This  is  not  the  case  with  the  so-called 
propeptones.  Propeptone  precipitated  by  alcohol  dissolves  after  the 
removal  of  the  latter  as  readily  in  water  as  before  the  precipitation. 

Reactions. — All  albuminous  bodies  are  colored  a  violet-red  on  warming  with  a  mer- 
curic nitrate  solution  containing  a  little  nitrous  acid  (this  is  like  tyrosine)  (Millon^s 
reagent).  A  yellow  color  is  produced  when  they  are  digested  with  nitric  add.  This 
becomes  a  gold  yellow  on  neutralization  with  ammonia  QCanthoproUU  re€utum\  The 
albuminous  substances  yield  beautiful  violet-colored  solutions  on  digesting  them  with 
fuming  sulphuric  acid.  Caustic  potash  and  copper  sulphate  also  impart  a  red  to  violet 
coloration  to  albuminous  solutions  (Biuret  reaction)  (B.  29,  1354).  On  the  addition 
of  sugar  and  concentrated  sulphuric  acid  they  acquire  a  red  coloration,  which  on 
exposure  to  the  air  becomes  dark  violet.  If  concentrated  sulphuric  acid  be  added  to 
the  acetic  acid  solution  of  albuminous  bodies  they  receive  a  violet  coloration  and  show 
a  characteristic  absorption  band  in  the  spectrum. 

The  manner  of  distinguishing  and  classifying  the  various  albuminous 
substances  is  yet  very  uncertain.  The  original  albumins,  occurring  in 
nature,  are  albumin,  globulin,  casein,  gluten  proteins,  etc.,  while  the 
secondary  modifications  obtained  from  them  through  the  agency  of 
chemicals  or  ferments  are :  acidalbumins,  albuminates,  coagulated 
albumins,  fibrins,  propeptones,  peptones,  etc. 

Many  of  these  modifications  result  from  the  breaking-down  of  the  molecule  of  the 
original  albumin.  It  is  well  worth  noting  in  such  instances  that  the  decomposition 
pn^uct  still  maintains  the  essential  character  of  the  albuminous  substances  just  as  the 
starch  molecules  yield  molecules  of  grape  sugar,  which,  like  the  starch,  continue  as 
carbohydrates.  The  breaking-down  of  the  original  albumin,  in  the  reactions  referred 
to,  is  proved  by  the  astonishing  fall  in  molecular  weight.  This  has  been  partly  de- 
termined by  the  method  of  Raoult  (p.  32^  and  in  part  by  testing  the  electric  con- 
ductivity (Skand.  Arch.  Physiolog.  5,  337).  The  decomposition  is  also  evidenced 
by  the  fact  that  the  proportion  of  the  carbon  to  the  nitrogen  in  the  decomposition 
product  frequently  varies  from  that  in  the  other  decomposition  product,  just  as  much 
as  it  varies  between  these  substances  in  the  parent  body  (Schmiedeberg,  Arch.  exp. 
Path.  39).  This  decomposition  of  the  albumin  molecule  is  a  hydrolytic  decompo- 
sition.    See  albumin  substances,  p.  583. 

In  a  certain  number  of  secondary  albumin  modifications  ammonia,  sulphur,  and 
amtdoacids,  like  leucine  and  tyrosine,  etc.,  have  been  split  off,  without  the  loss  of 
the  essential  character  of  the  albumin. 

Of  pre-eminent  importance  is  the  fact  that  the  organs  of  the  living  animal  body 
have  the  power  of  synthesizing  the  original  albumin  from  the  products  with  lower 
molecular  weights.  This  is  certainly  similar  to  the  formation  of  glycogen — the 
animal  starch,  from  grape  sugar,  in  the  liver. 

Many  substances,  not  all  of  which  have  heretofore  been  classed  as  albuminous 
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substances,  split  off  sugar  when  treated  with  acids;  they  are  therefore  glncosides* 
(Z.  phjsiolog.  Ch.  la,  389). 

1.  Albumins,  soluble  in  water,  dilute  acids  and  alkalies,  dilute  and  saturated 
solutions  of  sodium  chloride  or  magnesium  sulphate.  CoagultUed  by  heat.  Serum-, 
egg-,  milk*,  and  vegetable  albumin  belong  in  this  class.  Nitrous  acid  converts  egg 
albumin  into  yellow  desamido-albumin.  This  is  still  digestible.  It  does  not 
show  the  biuret  reaction  (B.  29,  1354). 

2.  Globulins,  insoluble  in  water,  but  soluble  in  dilute  solutions  of  sodium 
chloride  and  magnesium  sulphate.  These  solutions  are  coagulated  on  boiling. 
Magnesium  sulphate  at  30^  precipitates  them  without  any  alteration  in  properties. 
This  class  contains:  Myosin  (muscles),  fibrinogen  (in  the  living  blood),  chang- 
ing under  the  influence  of  fibrin  ferment  to  fibrin ;  fibrin  globulin,  obtained  from 
fibrin  by  means  of  trypsin ;  serum  globulin ;  crystal-lens  globulin  and  vitellin  (in 
the  yellow  of  the  egg). 

3.  Caseins. — Milk  casein  behaves  in  general  like  an  albuminate  (see  under  6),  but 
is  distinguished  by  the  fact  that  whey  enzyme  precipitates  it  in  neutral  or  feebly  acid 
solutions  in  the  presence  of  soluble  calcium  compounds.  This  is  not  the  case  with 
the  albuminate  (6.  29,  R.  913).  The  casein  of  milk  appears  also  to  be  combined 
with  a  phosphorus-containing  body,  e.  ^.,  with  nucleln.  For  this  reason  some  writers 
class  casein  with  the  nucleo-albumins. 

Caseins  also  occur  in  plants. 

4.  The  Gluten  Proteins  are  characterized  by  their  physical  properties.  In  the 
hydrous  state  they  are  pasty,  elastic  masses.  They  only  occur  in  wheat  flour. 
Here  they  constitute  the  chief  essential  for  bread- making.  Gluten  is  insoluble  in 
water,  and  sparingly  soluble  in  water  containing  a  very  little  dilute  acid  or  alkali. 
Its  solubility  in  alcohol  (60-70  volume  per  cent. )  is  very  characteristic.  Some  gluten 
proteins  when  decomposed  yield  large  quantities  of  glutaminic  acid.  Thus,  Ritt- 
hausen,  obtained  not  less  than  25  per  cent,  of  glutaminic  acid  from  mucedin. 

5.  Acid  Albumins  or  Syntonins  are  insoluble  in  water  and  salts,  soluble  in  hydro- 
chloric acid  or  a  soda  solution,  do  not  expel  carbonic  acid  from  calcium  carbonate,  and 
are  precipitated  in  aa'i/ solution  by  neutral  metallic  salts  of  the  alkalies  and  alkaline 
earths.  Caustic  alkali  converts  them  into  albuminate.  The  acid  albumins  are  produced 
on  treating  the  albumins,  globulins,  etc. ,  with  hydochloiit  acid,  or  with  other  acids 
(B.  28,  R.  858).  5 

6.  Albuminates,  insoluble  in  water  and  salts,  ref^Iy^ohxble  in  dilute  acids  and 
a  soda  solution,  expel  carbonic  acid  from  calcium  carbonate.  They  can  be  precipi- 
tated  without  alteration  from  acid,  as  well  as  alkaline,  solutions  by  saturation  with 
solutions  of  neutral  salts  of  the  alkalies  and  alkaline  earths.  The  albuminates  are 
produced  when  albumin,  globulin,  etc.,  are  treated  with  caustic  alkali. 

7.  Coagulated  Albuminous  Substances. — They  are  insoluble  in  water  and  salt 
solutions,  and  scarcely  soluble  in  dilute  acids.  They  are  obtained  by  heating  other 
albumins,  or  by  the  addition  of  alcohol,  certain  mineral  acids  and  metallic  salts. 

8.  Fibrins,  insoluble  in  water,  scarcely  soluble  in  a  salt  solution,  and  in  other 
salts,  or  in  dilute  acids,  formed  from  globulin  by  a  ferment  in  discharged  blood.  The 
process  of  blood  coagulation  is  expressed  according  to  the  investigations  of  Schmiede- 
oerg  (Arch.  exp.  Path.  31,  8)  by  the  following  equation : 

(C,„H.„N„SO«),  +  H,0  =  C,«H,„NO„SO„  +  C„H,„N„SO„. 
Fibrinogen  Fibrin  Fibnnoglobulin. 

9.  Piopeptones  or  Albumoses  (B.  29,  R.  518).  Certain  modifications  are 
produced  by  the  action  of  the  enzymes  of  the  gastric  juice  or  pepsine  upon  the  albu- 
minous bodies.  This  is  largely  due  to  the  hydrolytic  decomposition  induced  in  the 
process  of  digestion.  They  can  be  precipitated  by  a  saturated  ammonium  sulphate 
solution  at  30°,  and  also  at  higher  temperatures.     "  The  albumoses  cannot  be  coag- 

*  The  Physiology  of  the  Carbohydrates,  by  Pavy. 
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aUted  either  by  boiliDg  their  nentra]  or  acidulated  aqueous  solutionf ,  nor  by  the  pro- 
longed action  of  alcohol  upon  them,  although  they  are  insoluble  in  strong  alcoiooly 
and  are  precipitated  by  the  latter."  * 

They  are  partly  soluble  in  water,  and  partly  insoluble.  They  resemble  the  albu- 
mins and  globulins  very  much,  and  by  prolonged  digestion  they  finally  pass  into-^ 

10.  Peptones,  which  are  perfectly  soluble  in  water,  acids,  alkalies  and  salts  of 
the  light  metals.  They  cannot  be  sepaiated  from  their  solutions  either  by  heat, 
nitric  acid,  by  acetic  acid  and  ferrocyanide  of  potassium,  or  by  ammonium  smphate. 
Phosphotnngstic  acid  frequently  precipitates  the  peptones  in  the  presence  of  hydro* 
chloric  acid,  mercuric  chloride,  basic  lead  acetate,  alcohol,  etc.,  incompletely. 

The  albuminous  substances,  when  acted  upon  by  pepsine  and  dilute  hydrochloric 
acid  at  50-40^,  are  dissolved,  completely  digested,  and  at  first  are  converted  into 
syntonins  or  acid  albumins,  then  into  albumoses  or  propeptones,  and  finally  into  so- 
called  peptones,  which  dissolve  readily  in  water,  are  not  coagulated  by  heat,  and  are 
not  precipitated  by  most  reagents  (B.  16,  1 152;  17,  R.  79).  For  the  molecular 
weight  and  constitution  of  the  peptones  consult  B.  25,  R.  643 ;  a6,  R.  22.  The  enzyme 
of  pancreas  and  the  ferments  of  decay  produce  real  peptone  from  albumin.  It  is 
noteworthy  that  albumin  is  changed  by  water  above  100^,  best  in  the  presence  of  a 
small  quantity  of  a  mineral  acid,  into  iJbumoses  and  peptone.  It  is  very  certain  that 
the  peptones  result  from  the  hydrolytic  decomposition  of  albumin,  and  in  the  organ- 
ism again  revert  to  coagulable  albumin. 

There  is  also  a  series  of  bodies  more  or  less  closely  related  to  albumin ;  some  are 
of  a  more  complex  structure  than  albumin  itself,  because  they  are  albumin  com- 
pounds. Others  show  the  character  of  a  more  or  less  advanced  stage  of  decomposi- 
tion of  the  albumin  molecule.     In  the  first  class  we  find : 

(a)  The  albumin  glucosides.  These  have  received  mention.  Then  follows  the 
large  family  of  mucus  bodies — ^.^.,  the  group  of  rnudn,  of  mucinogen,  of  mucoids, 
and  of  the  hyalcgens.  These  represent  compounds  of  the  albuminous  substances 
with  the  carbohydrates. 

(6)  Nuclein. — This  occurs  in  cell-nuclei.  It  jrields  albumin  and  nucleic  acids  by 
hyarolysis.  These  are  found  in  the  nuclein  bases,  such  as  xanthine,  guanine,  ade- 
nine, h)rpoxanthine,  and  even  sometimes  carbohydrates,  linked  in  an  e&er-like  form 
very  probably  with  phosphoric  acid.  The  very  varying  composition  of  the  nuclelns 
would  indicate  a  large  family,  which  would  attach  itself  to  the  so-called  nucleoalbu- 
mins.  See  B.  27,  2215,  for  the  decomposition  of  nucleic  ctcid  {adenylic  acid)  by 
acid. 

(c)  Hcemoglobin  possesses  great  importance  from  a  physiological  standpoint.  It 
has  been  pretty  thoroughly  studied  chemically. 
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The  oxyhctmoglobins  are  found  in  the  arterial  blood  of  animals  and  may  be  obtained 
in  crystalline  form  from  the  blood  corpuscles  by  treatment  with  a  solution  of  sodium 
chloride  and  ether,  and  the  addition  of  alcohol.  The  different  oxyhsemoglobins, 
isolated  from  the  blood  of  various  animals,  exhibit  some  variations,  especially  in 
crystalline  form.  Their  elementary  composition  approximates  that  of  albumin  very 
closely.  It  differs,  however,  by  an  iron  content  of  0.4  per  cent.  If  the  molecular 
weight  of  haemoglobin  be  calculated  on  the  supposition  that  it  contains  an  atom  of 
iron,  the  value  obtained  exceeds  13,000.  The  haemoglobins  are  bright  red,  crys- 
talline powders,  very  soluble  in  cold  water,  and  are  precipitated  in  crystalline  form 
by  alcohol.  When  the  aqueous  solution  of  oxyhsemoglobin  is  placed  under  the  air- 
pump  or  when  it  is  exposed  to  the  agency  of  reducing  agents  (ammonium  sulphide) 
It  parts  with  oxygen  and  becomes  hamoglobin.    The  latter  is  also  present  in  venous 


*  Lehrbuch  der  phys.  Chemie  von  R.  Neumeister,  S.  229  (1897). 
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blood,  and  may  be  separated  oat  in  a  crystalline  fonn  (B.  ig,  128).  Its  aqueous 
solution  absorbs  oxygen  very  rapidly  from  the  air,  and  reverts  again  to  oxyhsemo- 
globin.  Both  bodies  in  aqueous  solution  exhibit  characteristic  absorption  spectra, 
whereby  they  may  be  easily  distinguished. 

If  carbon  monoxide  be  conducted  into  theoxyhaemoglobin  solution,  oxygen  is  also 
di^laced  and  hsemoglobin-carbon  monoxide  formed.  This  can  be  obtained  in  large 
crystals  with  a  bluish  color.  This  explains  the  poisonous  action  of  carbon  monoxide. 
The  bluish-red  solution  of  hsemoglobin-carbon  monoxide  shows  two  characteristic 
absorption  spectra.  These  do  not  disappear  upon  the  addition  of  ammonium  sulphide 
(distinction  from  oxyhemoglobin). 

On  heating  to  70^,  or  through  the  action  of  acids  or  alkalies,  oxyhaemoglobin  is 
split  up  into  albuminous  bodies,  fatty  acids  and  the  dye-stuff  hamatochromogen^  which 
in  contact  with  free  oxygen  changes  to  hamoHny  which  in  a  dry  condition  is  a  dark 
brown  powder.  It  contains  9  per  cent,  of  iron,  and,  as  it  appears,  corresponds  to  the 
formula,  C^H^FeN^Oj. 

The  addition  of  a  drop  of  glacial  acetic  acid  and  very  little  salt  to  oxyhemoglobin 
(or  dried  blood)  aided  by  heat,  produces  microscopic  reddish-brown  crystals  of  hsemin 
(harmatin  hydrochloride),  CnH^^N^OgFeCl  (B.  29,  2877) ;  alkalies  separate  haematin, 
C^HfiN^OiFeOH,  again  from  it.  The  production  of  these  crystals  serves  as  a  delicate 
reaction  for  the  detection  of  blood. 

The  great  phjrsiological  importance  of  haemoglobin  is  evident  from  the  fact  that  in 
the  lungs  it  removes  the  oxygen  from  inhaled  air,  holds  it  loosely  combined,  and 
passes  it  over  to  the  various  organs  in  the  course  of  circulation— that  is,  it  renders  the 
oxidation  processes  possible  by  transferring  oxygen  to  them.  Hydrogen  bromide  con- 
verts haemininto  Hetmatoporphyrin^C^^liyJt^O^  (Nencki  and  Sieber, B.  21,  R.  433). 
This  is  closely  allied  to  Phylloporphyrin^  C^gHigN^O.  This  is  obtained  by  fusing 
phyllocyanin  with  caustic  soda.  Chlorophyll  treated  with  concentrated  acids  yields 
phyliocyanin.  The  absorption  spectra  of  the  neutral  and  acid  solutions  of  both  bodies 
are  identical,  and  only  differ  in  that  "  the  lines  of  haemato-porph3rrin  are  moved  a  shade 
toward  the  red."  The  two  bodies  probably  bear  the  same  relation  to  each  pther  that 
are  observed  existing  between  purpurine  and  oxyanthraquinone.  That  is,  they  are 
different  stages  of  oxidation  of  one  and  the  same  nucleus  substance  (E.  Schunck  and 
L.  Marchlewski,  A.  290,  306 ;  B.  29,  2877).  This  kinship  corresponds  to  an  anal- 
ogous physiological  action.  Consequently  haemoglobin  attracts  free  oxygen  and 
surrenders  it  in  the  organs  when  it  is  required,  whereas  chlorophyll  liberates  oxygen 
from  carbonic  acid  and  water  in  order  to  present  it  to  the  living  animal.  As  the  lower 
fungi,  vfithout  chlorophyll,  are  capable  of  building  up  carbohydrates,  fats,  and 
albumins  from  many  molecules  which  contain  the  groups  CH,  and  CHOH,  there 
seems  to  be  no  doubt  that  synthetic  work  can  be  executed  by  the  living  cell  substance 
to  which  (in  the  green  portion  of  plants)  the  requisite  atomic  groups  are  presented  by 
processes  of  reduction  (privately  communicated  by  E.  Pfliiger). 

The  following  substances  are  produced  by  the  decomposition  of  albummoos 
bodies.     They  still  retain  the  albumin  character,  but  in  a  somewhat  modified  form: 


GELATINOUS  TISSUES  AND  GELATINES. 

These  are  mostly  nitrogenous,  organized  substances,  which  on  boil- 
ing with  water  are  converted  into  gelatines  (glue). 

Glutin,  gelatine,  swells  up  in  cold  water,  and  on  boiling  dissolves  to  a  thin  Isevo- 
rotatory  solution,  which  gelatinizes  on  cooling.  By  the  addition  of  concentrated 
acetic  acid  or  protracted  boiling  with  a  little  nitric  acid,  the  solution  loses  the  prop- 
erty of  gelatinizing  (liquid  gelatine).  Tannic  acid  precipitates  from  the  aqueoua 
solnlion  gelatine  tannate,  a  yellowish,  glutinous  precipitate.  The  substances  yield- 
ing gelatine  combine  also  with  tannic  acid,  withdrawing  the  latter  completely  from 
its  solutions  and  forming  leather. 


586  ORGANIC  CHEMISTRY. 

Glycocoll,  leacine,  tod  other  amido>fittty  acids  are  the  priocipal  sobstances  pro- 
duced on  boiliug  gelatine  with  dilate  sulphoric  acid  or  alkalies.  When  glutin  is 
heated  with  hydrochloric  acid  on  a  water-bath  there  results  a  glutin-peptone  chlor- 
hydrate,  soluble  in  anhydrous  methyl  and  ethyl  alcohol.  The  glutin  peptones  can 
be  obtained  from  it.  Dry  distillation  produces  pyrrol  and  pyridine  bases  (bone-oil). 
Glutin  peptone  contains,  as  shown  by  its  behavior  with  nitrous  acid,  at  least  three 
different  kinds  of  N-atoms.  One  of  these  exists  as  NH,,  the  second  as  NH,  and  the 
third  as  a  tertiary  N-atom  (B.  ag,  1084). 

Alcoholic  hydrochloric  acid  changes  gelatine  into  a  compound  that  nitroos  add 
converts  into  a  substance,  G^HfN.O,,  very  similar  to  the  diazo  fatty -acids.  It  may  be 
that  it  represents  diaxo-ozyacryiic  ester,  CN, :  C(OH} .  CO, .  C^H^  (B.  19,  850). 

Although  glutin  in  its  composition  is  very  similar  to  albumin,  it 
cannot  replace  the  specific  functions  of  albumin  in  the  animal 
metabolism. 

Bone-,  fat-,  and  cartilaginous  tissues  are  produced  according  as  certain  substances 
are  arranged  in  their  gelatinous  parts  by  lime  and  magnesium  salts,  or  by  fats,  etc. 

Chondrin  results  on  boiling  ordinary  cartilage.  It  is  a  mixture  of  glutin  and 
certain  compounds  of  chondrolt-sulphuric  acid  with  gelatine  and  albuminous  bodies 
on  the  one  side  and  alkalies  on  the  other  (Schmiedd>erg :  Arch.  exp.  Pathol,  und 
Fharmakol  a8). 

Schmiedeberg  represents  the  constitution  of  cboiidrott-snlphQric  acid  as  follows : 


CO.CO.CH,.CO.CH,.CO.CH, 
CH .  N :  CH  [CHOH]^ .  CO,H 
[CH .  OH], 
CH, .  O .  SO,H. 


The  acid  is  very  probably  a  condensation  product  of  sulphuric  acid,  acetic  add, 
glycuronic  acid  and  glucosamine.  Artificial  mixtures  of  glutin  and  salts  of  chon- 
drolt-sulphuric acid  give  the  reactions  of  so-called  chondrin. 

Cbitin  belongs  to  the  class  of  substances  present  in  bone  cartilage.  It  is  the 
chief  component  of  the  shells  of  crabs,  lobsters,  etc.  It  is  interesting  to  observe 
that  its  nitrogen  exbts  as  glucosamine  (p.  550),  because  Ledderhose  (Z.  phys.  Ch.  a, 
224)  has  demonstrated  that  when  chitin  is  decomposed  with  hydrochloric  add  gluco- 
samine and  acetic  acid  result  Hence,  Schmiedeberg  believes  that  the  following 
equation  has  value : 

C«H^N,0„  +  4H,0  =  2C,H„NO,  +  3CH,.  CO,H. 
Chitin  Glucosamine  Acetic  Acid. 

Chitin  heated  to  184°  with  molten  alkali  yields  acetic  add  and  r^i/^jtfif ,  which 
breaks  down  into  acetic  acid  and  glucosamine  when  it  is  heated  with  hydrochloric 
add  (B.  a8,  82).  The  shell  substance  of  the  fungi  is  probably  identical  with  chitin, 
and  the  Mycosin,  obtained  from  it  by  means  of  caustic  potash,  is  identical  with 
chitosan  (B.  a8,  821,  R.  476). 

The  following  are  probably  disintegrated  albumin  molecules : 

Elastin,  which  diners  from  albumin  in  containing  less  sulphur. 

Ceratin,  horn  substance,  is  the  principal  ingredient  of  hair,  nails,  etc.  It  con- 
tains a  variable  but  at  times  a  very  high  sulphur  content  (0.7  to  5.0  per  cent.)  (B.  aS, 
R.  561).  Notwithstanding  it  approximates  the  percentage  composition  of  albumin 
very  closely,  ceratin  gives  almost  the  same  decomposition  products  as  albumin,  e.g*^ 
leucine  and  tyrosine. 
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UNORQANIZBD  PBRICBNTS  OR  BNZYilBS. 

f  Unorganized  ferments  playing  an  important  part  in  fermentation, 
in  many  processes  of  decay,  and  in  digestion,  appear  to  be  closely 
related  to  the  albuminous  substances.  They  are  soluble  in  water. 
Boiling  water  destroys  their  activity.  Enzymes  are  the  cause  of  the 
hydrolysis  of  glucosides,  and  in  fermentation  their  rdle  appears  to  be 
the  decomposition  of  the  polysaccharides,  which  are  to  be  regarded  as 
glucosides.  The  configuration  of  the  glucosides  (B.  28,  984,  1429) 
exercises  a  very  definite  influence  upon  the  action  of  the  enzyme. 
The  following  are  of  vegetable  origin:  Invertitiy  diastase  (p.  120), 
emulsin  or  synaptasey  present  in  bitter  almonds,  tnyrosiny  found  in  mus- 
tard seeds,  papaifty  etc.  In  the  digestive  juices  of  animals  we  have 
Pytaline  (TrroaXo^,  saliva)  in  the  saliva,  pepsin  (jk€ict6<:,  digested)  in  the 
gastric  juice,  and  other  enzymes. 
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In  the  bile,  the  liquid  secretion  of  the  liver,  which  effects  the  emul- 
sion and  reat^orption  of  the  fats,  occur  the  sodium  salts  of  two  peculiar 
acids,  glycocholic  and  taurocholic ;  also  lecithin  (p.  475),  cboles- 
terine  and  bile  pigments — bilirubin,  biliverdin.  Various  views 
prevail  in  regard  to  the  origin  of  the  latter.  The  relationship  to  the 
albuminous  bodies  has  never  been  determined. 

Cholalic  Acid,  C,^H^O.  (B.  27, 1339;  a8,  R.  332;  ag,  R.  142),  melting  at  195®, 
when  anhydrous,  js  a  monobasic  acid.  It  is  obtained  together  with  glycocoll  as  a  de- 
composition product  of  glycocholic  acid,  and  with  taurine  as  a  product  of  the  decom- 
position of  taurocholic  acid.  Glyco-  and  taurocholic  acids  exist  as  sodium  salts  in  the 
bile.  In  preparing  cholalic  acid,  choltUiu  acid^  ^4^40^4*  ^ivAfellinic  acid,  ^^S8^4» 
have  been  discovered.  It  forms  a  blue  compound  with  iodine,  quite  similar  to  that 
given  by  starch  and  iodine  (B.  28,  783 ;  R.  720).  When  oxidized  with  potassium 
permanganate  it  yields  not  only  acetic  acid,  but  also  o-phthalic  acid  (B.  29,  R.  346). 

Taurocholic  Acid,  C^H^O* .  NH .  CH, .  CH, .  SO.H  (toD/>oc,  ox; 
7<'^7>  gall),  is  very  soluble  in  water  and  alcohol,  and  when  boiled  with 
water  breaks  up  into  cholalic  acid  and  taurine  (p.  306). 

Glycocholic  Acid,  CuH^O* .  NH  .  CH, .  CO,H,  melts  at  133^,  or 
boiled  with  alkalies  it  decomposes  into  glycocoll  and  cholalic  acid 

(P-  354). 
Cholesterine,  C^fHii .  OH,  is  a  monohydric  alcohol,  occurring 

not  only  in  the  bile,  but  in  the  blood,  in  the  brain,  and  in  the  yolk  of 
eggs,  also  in  wool-fat.  It  is  soluble  in  alcohol,  crystallizes  in  mother- 
of-pearl  leaflets,  containing  iH,0,  and  possessing  a  fatty  feel.  It  parts 
with  its  water  of  crystallization  at  100^,  melts  at  145^,  and  distils  at 
360°  with  scarcely  any  decomposition.  It  crystallizes  from  ether  in 
prisms. 
Cholestene,  C^Hm,  melting  at  90^  (B.  27,  R.  301),  is  formed  by 
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the  reduction  of  its  chloride.     See  B.  29,  R.  906,  for  the  oxidation 
products  of  cholesterine. 

Lanoline,  obtained  from  raw  sheeps'  wool,  contains  esters  of 
cholesterine  and  isocholesterine  (melting  at  138^)  with  the  higher 
fatty  acids.  It  is  applied  as  a  salve,  as  it  will  take  up  water  and  is 
absorbed  by  the  skin. 

The  soaps  resulting  from  the  saponification  of  lanoline  were  found  to  contain 
I.anoceric  Acid,  C^H^qO^,  melting  at  104^,  Lanopalminic  Acid,  Cyflgf)^,  melting 
at  87<',  myristic  acid  (p.  250),  and  Camaubaic  Acid,  C^H^O,  (B.  29,  2890). 

Substances  similar  to  cholesterine  have  also  been  detected  in  plants. 
Phytosterine,  isomeric  with  cholesterine,  is  present  in  plant  seeds  and 
sprouts  (B.  24,  187).  a-  and  ^-Amyrines  (B.  24,  3836)  obtained  from 
eliwUresin,  as  well  as  iupeoi  (fi,  24,  2709),  present  in  seed  shells  of  Zn- 
finus  LuteuSy  are  similar  to  cholesterine. 
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succinic  acid,  467 

sulphide,  143, 150 

sulphocarbamic  ethyl  ester,  406 

sulphourea,  409 

trichloride,  472 

urea,  399 


AUylene,  97,  99,  215,  465 

AUylin,  476 

Aluminium  alkyls,  186 
carbide,  81 
ethylate,  124 

Amalic  acid,  510 

Amber,  443 

Amid-chlorides,  223,  268 

Amides,  acid,  262 

cyclic,  357,  359 

Amido-acetal,  316 

acetaldehyde,  316 
acetic  acid,  354 
acetoacetic  ester,  483 
acetone,  319 
alanine,  361 
barbituric  acid,  507 
butyric  acids,  358,  359 
ethyl  alcohol,  124,  309 

sulphonic  acid,  306 
fatty  acids,  351 
formic  acid,  393 
fumaric  acid,  495 
glutaconic  acid,  495 
glutaramic  acid,  493,  501 
glutaric  acid,  494 
guanidine,  415,  550,  576 
hydracrylic  acid,  481 
isethionic  acid,  306,  311 
isobutyric  acid,  219,  357 
succinic  acid,  486 
▼aleric  acid,  358,  357 
lactic  acid,  481 
malonic  acid,  486,  497 
malonyl  urea,  507,  513 
methylene    acetoacetic    ester, 

483 
malonic  ester,  494 

methyl  triazole,  415 

paraldimine,  206 

propionic  acid,  206,  356,  448 

propyl  methyl  ketone,  319 

pyrotartaric  acid,  491 

succinic  acid,  489 

tetrazotic  acid,  415 

thiazoles,  408 

thiolactic  acid,  347,  371 

uracil,  513 

▼aleraldehyde,  317 

▼aleric  acid,  359,  581 

▼alerolactone,  380 
Amidoximes,  223,  271 
Amidoxyl  nitriles,  206 
Amines,  160 
Amino-dioxypttrin,  516 
[Amino-ethan-acid],  354 
[Amino-ethanal],  316 
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Amino-cChideiic  iuccinic  ester,  495,  501 

snccinimide,  49S«  501 
fattj   ftcids     (see     Am ido- fatty 
acids). 
[p-Amino-DODaiiic  add],  285 
Ammelide,  427 
Ammeline,  427 
Ammonium  carbonate,  394 

cyanate,  417 
Amniotic  liquid,  575 
Aroygdalin,  228,  $43 
Amyl  alcohol,  68,  127 
glydde  ether,  477 
haloids,  140 
Amylene  glycol*,  296 

hydrate,  94,  129 
ketone  anilide,  320 
nitrolaniline,  320 
Amylenes,  94,  127 
Amylo-dextrine,  578 
Amyloid,  579 
Amylum,  577 
Amyrines,  588 
Anidysts,  elementary,  18 
Angelica  archangelica,  248,  283 

lactone,  362 
Angelic  add,  50,  283 
Anhydrides  of  carboxylic  acids,  259, 338, 

428 
Anhydro-enneaheptite,  542 
Anilido-butyro-lactam,  449 
cfotonic  ester,  363 
perchlorcrotonic  ester,  449 
pyrotartaric  acid,  492 
sucdnimide,  449 
Aniline,  161,  492 
Anil-pyruvic  acid,  37 1 
uvitonic  acid,  371 
Animal  substances.  580 
Anthemis  nobilis,  283 
Anthracene,  74,  75 
Antiform,  445 

Antimony  alkyl  compounds,  1 79 
Antipyrine,  256,  363 
Anti-tartaric  acid,  526 
ApocafTelne,  515 

Aqua  amygdalarum  amararum,  228 
Arabic  acid,  578 
Ambin,  578 
Arabinose,  534,  536 

carboxylic  acid,  566 
diacetamide,  536 
Arabite,  107,  534 
Arabonic  acid.  537 
Arachidic  add,  249,  250 
Arachis  hypogxa,  285 
\rginine,  581 


Algol,  525 

Aromatic  substances,  78 

Arrack,  122,  227 

Arsenic  alkyl  compounds,  175 

esters,  147 
Arsines,  175 
Arsinic  acids,  178 
Arsonic  acids,  1 77 
Asparacemic  acid,  489 
Asparagine,  49.  459»  49© 
aldehyde,  581 
Asparaginimide,  490 
Aspartic  acid,  490,  501,  581 
Asphaltum,  87 

Asymmetric  carbon  atom,  46 
Asymmetry,  absolute,  49 
relative,  49 
Aticonic  adds,  465 
Atomic    rearrangement,  intramolecular, 

volume,  60 
Axial  symmetric  configuration,  50 
Azelaic  acid,  285,  455 
Azide  carbonic  ester,  389 
Azimethylene,  206 
A zin -succinic  ester,  527 
Azo-dicarbonamidine,  415 

dicarbonic  acid,  405 

fatty  acids,  361 

formamide,  405 

formic  acid,  405 

oxazoles,  327 

tetrazole,  415 
Azulmic  acid,  437 


Bacillus  addi  laevolactici,  336 

boocopricus,  247 

batylicus,  473 

ethaceticus,  480 

subtilis,  247 
Bacterium  aceti,  244 

terroo,  2g6 
Baldrianic  acid,  248 
Barbituric  acid,  506 
Bassorin,  579 

Beckmann's  transformation,  220,  285 
Beech  wood  gum,  577 
Beer,  122 

vinegar,  244 
Behenic  acid,  249,  251 
Behenolic  acid,  388,  455 
Behenoxylic  acid,  288,  484 
Benzaldehyde,  75,  228,  258 
Benzal-glycerol,  476 
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Bensal-berulinic  ftcid»  380 
semicarbazide,  405 
Benzene,  74,  96,  528 

azocyanacetic  ester,  499 
sulphonic  acid,  135 
Benzoic  add,  117,  123,  354 
Benzoin,  408 
Benzoquinone,  75 
Benzosazones,  546 
Benzoyl  chloride,  258 
glycocoU,  354 
oxycroConic  ester,  362 
piperidine,  359 
Benzyl  isonitroso  acetone,  326 
Berberis  Tulgaris,  487 
Beiyllium  alkyls,  184 
Betaliie,  3x0,  348 

aldehyde,  316 
Beta'  maritima,  573 
▼ulgaris,  310 
Biguanide,  414 
Bi-iodo-acetacrylic  acid,  380 
Bilineurine,  309 
rubin,  587 
▼erdin,  587 
Bioses,  573 
Bis-dialkylazimethylene,  220 

dimethylazimethylene,  220,  405 
hydrazine  carbonyl,  405 
Bismuth  alkyls,  1 79 
Biuret,  403 

reaction,  582 
Blood  color,  585 
Boiling  point,  determination  of,  63 

relation  to  constitution,  64 
Boletus  edulis,  550,  576 
Bombyx  processionea,  225 
Bone  oil,  586 

tissue,  586 
Boric  esters,  147 
Bomeol,  568 
Boron  alkyls,  1 80 
Brain,  476 
Brandy,  122 

Brassidic  acid,  50,  a86  * 
Brassylic  acid,  286, 455 
Brom-acptal,  200,  316 

acetaldehyde,  199,  316 
acetic  acids,  275 
acetoacetic  acid,  378 
acetol,  215 
acetone,  317 
acetoxime,  319 
acetylbromide,  105 
acetylene,  xo6,  288 
acetylurea,  400 
acrylic  acid,  281 


Brom  alcoholate,  124,  198 

allyl  alcohol,  131 

anilic  acid,  217 

butylamine,  31 1 

butyl  methyl  ketone,  217,  318 

butyric  acids,  28 1 

cinnamic  acids,  50 

crotonic  acids,  281 

ethane,  loi,  124,  141 

ethines,  104 

ethyl  amine,  31  x,  404,  410 
malonic  acid,  486 
phthalimide,  31 1 ,  359 

ethylene,  95,  loi,  302 

fumaric  acid,  464 

imidocarbonic  acid  ester,  404 

lactic  acid,  340 

lacTulinic  acid,  381,  528 

maleic  acid,  451,  464 

malonic  acid,  440 

mesaconic  acid,  464 

methacrylic  acid,  452 

methyl  ether  acid,  202 

nitroethane,  157,  204 
form,  159,  383,  387 
propane,  157,  204 
urethane,  157,  204 

oenanthic  acid,  346 

oleic  acid,  285 

pimelic  ester,  492 

propiolic  ester,  287 

propionic  ester,  375,  501 

propyl  amine,  3x1,  404 

methyl  ketone,  318 
phthalimide,  359 

succinic  acids,  381,  451,  526 

succinyl  bromide,  458 

trinitromethane,  387 

▼aleric  acid,  346 
Bromal,  124,  198,  340 
Bromalides,  340 
Bromhydrin,  474 
Bromine  determination,  23 
Bromoform,    102,    159,  198,  224,  235, 

370,  386 
picrin,  159,  387 
Bnnte's  salt,  153 
Butalanine,  357 
|Butanal],  196 
'Butan-di^n],  99 
'Butandiol],  296 
'Butandion],  322 
'Butane  diacid  chloride],  446 
butane  heptacarboxylic  ester,  539 
pentacarboxylic  acid,  539 
tetracarboxylic  acid,  532 
tricarboxylic  acid,  5I0 
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Butanes,  84,  85 
[Buunol  discid],  487 
[BntanoU],  126 
ButanoUd,  345 

tBuUDon],  216 
ButEDOD-acid] ,  372 
Butanoo  diacid],  499 
»utdi€n  carboxytic  acid,  288 
Butenyloxytricarboxylic  acid  lactone,  530 
[Butine];  98 
Butyl  acetic  acid,  249 

acetylene  carboxylic  acid,  288 

alcohols,  126,  208 

aldehyde,  1 26,  196,  208 

amine,  167 

bromide,  140 

chloral,  126,  199,  477,  568 

aldol,  477 
chlorides,  140 
glyceric  acid,  480 
glycerol,  473 
iodides,  140 
lactintc  acids,  337 
mercaptan,  149 
nitramines,  171 
nitrile,  144 
pseudonitrol,  158 
sulphide,  149 
Butylene  glycol,  296 

hydrate,  126 
Butylenes,  89,  92,  126 
Butyl idene  acetic  acid,  284 
Butyric  acid,  247,  256,  261,  265,  268 

fermentation,  548 
ButyroTn,  297,  318 
Butyro  lactam,  360 

lactone,  276,  345,  360 

carboxylic  acid,  346, 486 
nitrile,  268 
But3rrone,  216 
Butyronoxime,  220 
Butyryl  butyric  acid,  382 
chloride,  259 
cyanide,  371 
formic  acid,  370 


Cacao,  514,  515 

Cacodyl,  178 

compounds,  177 
hydroxide,  177 

Cadaverine,  313 

Cadet's  Fluid,  1 76 

Caffeldine,  515 

carboxylic  acid,  515 


Caffeine,  355,  504,  5*5 
Caffinic  acid,  515 
Caffolin,  515 

Calcium  carbide,  97,  204 
Camphor,  445,  518,  568 

glucuronic  add,  569 
phorone,  221, 453 
Camphoric  add,  445 
Camphoronic  add,  445,  518 
Canarine,  422 
Caoutchouc,  99 
Capric  acid,  250,  256,  265 

aldehyde,  196 
Caprinone,  215 
Caproic  acid,  250,  259,  265 
Caprolactone,  346,  493 

carboxylic  add,  494 
Caprone,  215 

Caprylic  add,  250,  265,  268 
Caprylone,  215 

oxime,  220 
Caramel,  574 
Carbamic  acid  azide,  396 

chloride,  396 
ester,  394,  403 
hydrazide,  405 
thiol  acid,  406 
Carbamides,  396,  398,  $05 
Carbamido-malonyl  guanidine,  506 

urea,  507 
Carbazide,  389 

Carbethoxyl-oxycrotonic  ester,  362 
Carbinol,  57,  117 

Carbmethoxyamido-propionic  ester,  448 
Carbocyclic  compounds,  78 
Carbodiimide,  55,  426 
Carbohydrates,  572 
Carbohydrazide,  405 
Carbohydrazidine,  438 
Carbon  atoms,  asymmetric,  45,  68 
compounds,  acyclic,  77 

carbocydic,  78 
optically  active,  46, 

67 
saturated,  38 
unsaturated,  38 
determination  of,  19 
dioxide,  122,  226,  244,  383, 384 
disulphide,  390 
dithiol  add,  389,  391 
linkage,  multiple,  51 
single,  37 
Carbonic  acid  (see  Carbon  dioxide), 
cyanides,  416 
esters,  386 
Carbon  monosulphide,  236 

monothiol  add,  389,  391 
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Carbon  monoxide,  JS,  76,  81,  227,  235, 

384,433 
decomposition  of  di- 

oxosuccinic    ester, 

528 

decomposition  of  ox- 
alacetic  esier,  499 
haemoglobin,  585 
nickel,  236 
potassium,  236 
oxybromide,  389 
oxychloride,  75,  388 

bromide,  389 
oxysulphide,  390,  424 
tetrachloride,  386 
Carbonyl  chloride,  388 

diurea,  404 
■  Carbo-pyrotritartaric  ester,  529 
thiacetonine,  409 
thialdine,  407 

▼alerolactone  carboxylic  acid,  487 
lactonic  acid,  494 
Carboxethyl-pseudo-lutidostyril,  496 

thiocarbimide,  425 
Carboxyl  group,  222 
Carboxy-galactonic  acid,  571 

tartronic  acid,  528 
Carboxylic  acids,  saturated,  222,  428, 

516,  53l»  539 
unsaturated,  276, 456 

518.  533 
Carbylamines,  166,  225,  236,  263 

Carbyl  sulphate,  307 

Camauba  wax,  257 

Camaubic  acid,  588 

Camine,  516 

Casein,  582,  583 

Celluloid,  580 

Cellulose,  211, 214,  579,  580 

Ceratin,  586 

Ceratoma  siliqua,  247 

Ceresine,  88 

Cerin,  257 

Cerotic  acid,  130,  249,  251 

ceryl  ester,  257 

Cerotin,  129,  130 

Ceryl  alcohol,  130,  251 

Cetaceum,  257 

Cetene,  92 

Cetraria  islandica,  578 

Cetyl  alcohol,  92,  129,  257 

bromide,  142 

cyanide,  268 

ether,  136 

iodide,  142 

sulphide,  I49 
Chain  isomerism,  41 


Chelidonic  acid,  496,  503,  538 
Cherry  gum,  579 
Chitin,  586 
Chitonic  acid,  567 
Chitosan,  586 
Chlor-acetal,  197,  200,  316 

acetaldehyde,  199,  316 

acetic  acids,  274,  501 

aceto-acetic  ester,  378,  438 

acetol,  2x7,  300 

acetone,  216,  317,  376,  484 

acetoxime,  319 

acetylene,  xo6,  288 

acetyl  urea,  400 

acrylic  acid,  281 

alide,  198,  281,  340 

alimide,  206 

allyl  alcohols,  131 

alose,  550 

amylamine,  311 

anilic  acid,  217 

brom-malelc  acid,  464 

butane-hepta  carboxylic  ester,  539 

butyl  aldehydes,  199,  208 
amine,  311 

butyric  acids,  199,  276,  346 

carbonic  acid,  227 

amide,  396 

ester,  388,  394.  414 

carbon  thiol  ethyl  ester,  393 

citramalic  acid,  527 

citric  acid,  539 

croton  aldehyde,  199 

crotonic  acids,  50,  281,  375 

cyanogen,  377,  420 

ethanes,  103, 141,  302 

ethenyl  tricarboxylic    ester,   517, 

539 

ethylamine,  311 

ethylenes,  105,  277 
ethyl-imido  formyl  cyanide,  438 

sulphonic  acid,  306 
formic  ester   (see   Chlor-carbonic 

acid) 
fumaric  acid,  463,  525' 
glutaconic  acid,  467,  494 
hydracrylic  acid,  340,  480 
hydrin,  474 

imido-carbonic  ester,  404 
isobutyl  methyl  ketone,  217 

crotonic  acid,  281,  282,  496 

nitroso-acetone,  371 
lactic  acid,  340,  477 
maleic  acid,  464 
malic  acid,  $2$ 
malonic  ester,  440 
methane,  or  methyl  chloride,  X4I 
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Chlor-methyl  ether,  ao2 
nitromethane,  157 
Chloral,  125.  197.  227,  340,  387,  477 
acetamide,  265 
acetone,  318,  382 
alcoholate,  1 24,  198 
aldol,  477 
ammonia,  206 
cyanhydrin,  350 
ethyl  acetate,  198 
formamide,  227 
hydrate,  197,  198 
hydroxylamine,  206 
oxime,  206 
urethane,  395 
Chlorine  detennination,  23 
Chloroform,  82 
Chlorophyll,  585 

Chloropicrin,  157,  166,  23S,  383,  387 
Chloroxalethylin,  436 
oxethose,  136 
oximidoacedc  ester,  438 
pentanpenta-carbonic  acid,  539 
perthiocarbonic  acid  ester,  393 
propiolic  acid,  287 
propionic  acid,  199, 275,  341 
propylene,  106,  277 
propyl  aldehyde,  199,  208 
succinic  acid,  451*  S3  if  539 
sulphonic  acid  ester,  146 
theophylline,  515 
thioncarbonic  acid  ester,  393 
trinitrobenzene,  165 
▼alerolactone,  380 
Cholalic  acid  (cholic  acid),  306,  587 
Cholestene,  507 
Cholesterene,  587 
Cholestrophane,  505 
Choline,  309 
Chondrin,  586 

Chondroltic  sulphuric  acid,  5S6 
Chromogen,  65 
Chromophorous  e^oup,  65 
Cinchomeconic  acid,  530 
Cinchonic  acid,  466,  530 
Cinchonicine,  68 
Cinchonine,  68,  524 
Cineolic  acid,  527 
Cis,  51 
Citracetic  acid,  519 

brompyrotartaric  acids,  451,  452 
chlorpyrotartaric  acid,  451 
conic  acid,  76,  97,  464 
Citral,  209 
Citramalic  acid,  527 
Citramide,  530 
Citraztnic  acid,  519,  530 


Citric  acid,  til,  SI4,  sag 
Citronellal,  209 
Coagulate,  582 
Cochlearia  armonacia,  425 
Cocoa-nut  oil,  250,  252 
Coffelne,  515 
Cognac,  122 
Cola-nuU,  515 
CoUidine,  208,  3x6 
.Collodion,  580 
Comanic  add,  496 
Combustion,  heat  of,  72 
Condensation  reactions,  193^ 
Conductivity,  electric,  70 
Configuration,  49 
CongluUn,  357 
Coniferin,  543 
Coniine,  47,  68,  99 
Constitution,  34 
Convicin,  509 
Conylene,  99 
Com  whiakey,  122 
Conmalic  acid,  362,  367,  467,  496 
Coumalin,  362 
Coumaric  acid,  50 
Coumarins,  488 
Cow  butter,  249 
Creatine,  413 
Creatinine,  413 
Crotonal  ammonia,  208 
Croton  alcohol,  208 

aldehyde,  199,  ao8,  295,  496 
oil,  283 
Crotonic  acid,  50,   53,  208,  276,  277, 

a8x,  342,  369 
Crotonyl  alcohol,  131,  208 
Crotonylene,  97,  98 
Crystal  alcohol,  123 

chloroform,  234 
Crystalline  tens  globulin,  583 
Cyamelide,  417 
Cyanacctamide,  440 

hydrazide,  440 

acetic  acid,  274,  440 

acetone,  327,  378 

amide,  55, 4"»  4",  426 

amido  carbonic  acid,  403 

dicarbonic  acid,  403 
Cyanates,  417 
Cyancarbamic  acid,  403 

carbonic  acid  esters,  437 
Cyanethine,  268 
Cyanetholines,  417 
Cyanformic  acid,  354>  437 

glutaric  ester,  5 1 7 

guanidi'.e,  414 
Cyanhydrins,  230,  350 


IKOBX. 


597 


Cyanic  acid,  54,  4x6 

esters,  417 
Cyanides  and  doable  cyanides,  230 
Cyanimido-carbonic  acid  ester,  438 
isonitrosoacetamide,  239,  499 

acetbydroxamic  acid,  499 
butyric  add,  484 
malonic  acid  ester,  517 
Cyanoform,  517 

Cyanogen,  76,  228,  230,  354,  437 
bromide,  421 
chloride,  420, 421 
compounds,    228,  266,   349, 

370,  416,  436,  440,  449 
hydride,  76,  166,  225,  228, 

416,421 
iodide,  421 
sulphide,  422 
Cyanortboformic  ester,  437 
oximido  acetic  acid,  498 

butyric  acid,  484,  50X 
propionic  acid,  442, 446,  453 
succinic  ester,  517 
uramide,  427 
urea,  404 
Cyanuric  acid,  4x9,  511 
bromide,  421 
chloride,  42X,  426, 427 
iodide,  421 
Cyclic  compounds,  77 
Cyclqacetone  superoxide,  215 
butane,  89 
heptane,  89 
hexane,  89 

paraffin  carboxylic  acid,  532 
paraffins,  89 
pentane,  89 
propane,  89 
Cystein,  347 
Cystin,  347 
Cytromytes  pfefTerianus  and  glaber,  529 


Decam ETHYLENE  diamine,  313 
[Decan-diacid],  455 
rDecandion  diacid],  529 
Decane.  86 
Decylenic  acid,  284 
Dehydracetcarboxyltc  acid,  502 
Dehydracetic  acid,  376,  521 
Debydrochloralimide,  206 
mucic  acid,  570 
undecylenic  acid,  2^ 
Desmotropy,  56 


Desoxalic  acid,  539 

Desoxyfulminuric  acid,  239 

Deriation  of  the  plane  of  polarizatbn, 

67 
Dextrine,  121,578 

Dextro-amyl  alcohol,  68,  ia8 
asparagine,  490 
aspartic  acid,  490 
glyceric  acid,  480 
lactic  acid,  337 
malic  add,  487 
mandelic  acid,  68,  69 
tartaric  add,  68,  525 
Dextronic  acid,  566 
Dextrose,  548 

carboxylic  acid,  346,  568 
Diacetamide,  265 
Diacetin,  475 
Diaceto-acetic  ester,  484 
adipic  acid,  529 
dimethyl  pimelic  acid,  529 
fumaric  ester,  529 
glutaric  ester,  529 
succinic  add,  376,  528 
Diacetonamine,  219,  319 
Diacetone  alcohol,  318 
Diacetone-alkamine,  3x0 
Diacetyl,  322,  484,  5*7 
acetone,  479 
creatine,  413 
cyanide,  370 
dioxime,  327 
ethane,  323 
-ethylene  diamine,  ^i  2 
hydrazone,  328 
osazone,  328 
osotetrazone,  328 
osotriazone,  328 
pentandioxime,  328 
•     pentane,  325 
racemic  acid,  524 
tartaric  acid,  526 
urea,  401 
Diacetylene  dicarboxylic  add,  468 

glycol,  297 
Diacetylenes,  99 
Diacipiperazine,  358 
Dialdin,  316 

Dialkyl  amidoketones,  319 
hydrazines,  171 
nitraroine,  17 1 
Diallyl,  99,  520 

acetic  acid,  284 
acetone,  217,  22x 

dicarboxylic  ester,  221 
malonic  add,  467 
urea,  399 
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Diallylin,  476 
DUluric  acid,  506 
Diamide,  1 71 
DUunido-acetone,  478 

caproic  acids,  581 

malonamide,  499 

mesoxalamide,  499 

oxal-ethen,  436 

propionic  acid,  481 

pyrazole,  440 

succinic  acids,  526 
[Diamtno-butane],  313 

ethyl  disulphide  chlorhydrale, 

3" 

sul  phone,  31 1 
Diamino-hexane],  313 
'Diamino-2-methyl  pentane],  313 
[Dtamino-octane],  313 
Diamino-pentane],  313 
!>ianiIido-succinic  acid,  526 
Diastase,  121.573,576,587 
Diazo-acetamide,  366 

acetic  acid,  171,  366,  458 
benzene  chloride,  438,  499 

imide,  468 
ethane  sulphonic  acid,  171 
ethoxane,  144 

fatty  acid  esters,  273,  366,  371 
guanidine  nitrate,  415 
methane,  207 
oxyacrylic  acid  ester,  586 
paraffins,  207 
propionic  esters,  371 
succinic  acid,  501,  526 
Diazoles,  321 

Dibenzal  carbohydrazide,  405 
Dtbenzoyl-ethane,  446 
Dibromacetaldehyde,  198 

acetic  acid,  275,  458 
aceto  acetic  ester,  378 
acetyl,  322 

actylic  acid,  282,  452 
allylamine,  169 
barbituric  acid,  509 
butane,  303 
butyl  ketone,  217 
butyric  acid,  276 
caproic  acid,  381 
crotonic  acid,  282,  288 
diketo-R-pentene,  381 
dinitromethane,  381 
ethyl  ketol,  478 
fumaric  acid,  464 
glyoxime  peroxide,  238 
hexane,  303 
Dibromhydrin,  474 
ketone,  217 


DibromlacYulinic  acid,  381 

maleXc  add,  464 

aldehyde,  321 

malonic  ester,  440 

malonyl  urea,  499,  509 

methyl  acetoacetic  acid,  378,  465 
ether,  202 

nitroacetonitrile,  238 

nitromethane,  157,  235 

nitroparaffins,  157 

pentane,  303 

propionic  acid,  208,  275 

pjrroracemic  acid,  370,  483,  486 

stearic  acid,  286 

succinic  acid,  451,  457,  500 

succinyl  chloride,  458 
Dibutyryl,a97,  317 
Dicarbamidic  acid,  403 
Dicarbon-tetracarboxylic  ester,  533 
Dicarboxyl-glutaconic  ester,  533 

glutaric  ester,  532 
DichloraceUl,  197,  198,  200 

acetaldehyde,  198,  340 

acetic  acid,  197,  274,  458 

aceto-acetic  ester,  378 

acetone,  2x7,  529 

acetonic  acid,  529 

acrylic  acids,  282 

butyric  acid,  276 

butyro- lactone,  447 

crotonic  acid,  282,  288 

ethane,  102,  201,  302 

-ether,  136,  200,  316 

ethyl  alcohols,  125,  316 

ethylene,  105 

glycollic  acid  ester,  434 

hydrin,  130,  217,  474 

isobutyl  ketone,  217 

isopTopyl  alcohol,  474 

lactic  acid,  340 

maleic  acid,  321 

deriTatiTCS,  321 

malelnimide,  448 

malonic  acid  ester,  440 

methane  (see    Methylene  chlor- 
ide), 
monosulphonic      acid, 

235 
methyl  alcohol,  235 

ether,  118,  134,  201 

sulphonic  acid,  393 

muconic  acid,  467 

oxalic  ester,  434 

propionic  acid,  275,   369,  466, 
410 

propylene,  199,  208 

succinic  acid,  45  r 
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Dicyanogen,  437 

diamide,  410, 4x4, 427 
diamidine,  414 
hydride,  231 
Diethoxyacetone,  478 

butyric  acid,  378 
malonic  ester,  498 
succinic  acid,  500 
Diethyl  acetic  acid,  249 
acetonitrile,  268 
acetylchloride,  259 
acetylene    glycol    dipropionate, 

297 
ally]  carbinol,  131 
amido  acetic  acid,  356 

acetone,  319 
amine,  167 

chiorboride,  165 
chlorphosphide,  165 
chlorsilicide,  165 
butyrolactone,  346 
carbinol,  127 
cyanamide,  426 
dithiophospinic  acid,  175 
ethane  tetracarboxylic  ester,  531 
ethylene  lactic  acid,  342 
glycollo-nitrile,  350 
hydantoln,  402 
hydrazine,  171 
hydroxylamine,  172 
ketone,  216 
nitramine,  171 
nitrosamine,  170 
oxalic  acid,  249 
oxalo  nitrile,  349 
oxamic  acid,  435 
oxamide,  436 
oxetone,  478 
oxybutyric  acid,  342 
sulphone  di-brommethane,  393 
methyl  ethyl  methane, 
218 
salpho  urea,  409 
thiourea,  409 
urea,  399 

chloride,  396 
Diethylene  diamine,  314,  358 
disulphide,  305 

sulphine    ethyl 
iodide,  305 
dlsnlphone,  305 
glycol,  295,  298 
imide  oxide,  310 
oxide,  298 

sulphone,  305 
tetrasulphide,  305 
Diethylin,  476 


Diffusion  process,  574 
Diformin,  475 
Diformyl,  320 

hydrazine,  228 
Diglycerol,  476 
Diglycide,  476 
Diglycollamic  acid,  349 

amidic  acid,  356,  403 
dimide,  355 
Diglycoliic  acid,  339,  349 
Diglycollide,  339 
DiglycoUimide,  349 
Diglycolyldiamide,  358 
Dihaloid  paraffins,  102 
propanes,  303 
Dihydrazones,  328 
Dihydropyridine  deriyatiTes,  377 
Dihydroxylene,  221 
Di-iodo  acetic  acid,  275,  366 
acetone,  217 
acetylene,  106 
acrylic  acid,  282 
fumaric  acid,  464 
Di-todohydrin,  474 

methane  disulphonic  acid,  393 
methyl  ether,  202 
Di-isethtonic  acid,  306 
Di-iso  amylene,  94 

butyl  glycoUic  acid,  317,  338 
nitroso  acetone,  479 

butyric  ester,  484 
propionic  acid,  483 
▼aleric  acid,  484 
Di-iso-propyl,  85 

glycol,  297 
ketone,  215 
oxalic  acid,  338 
▼aleral  glutaric  acid,  468 
Yaleryl,  297 
Diketo-butane,  322 

butyric  acid,  484 
hexamethylene,  443 
piperazines,  358 
tetracarboxylic  acids,  572 
▼aleric  acid,  484 
Diketone  carboxylic  acids,  572 

dichlorides,  322 
Dilactyl  diamide,  358 
Dilactylic  acid,  339 
Dilaevulinic  acid,  529 
Dilituric  acid,  507 
Dimalonic  acid,  53 1 
Dfmethyl  (see  Ethane) 
acetal,  200 
acetic  acid,  247 
acetylene,  99 
acrylic  add,  284 
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Dimcthjl  mllene,  97 

alloxAD,  $06, 509 
allyl  carbinol,  131 
~  amido-«ceUMie,  319 
amifie,  167 

iodide,  169 
angeliailactooe,  36a 
•nioey  177 
fltioQDic  madf  466 
ftsietliAae,  328 
bishydrazimetbylene,  328 
botmlactooe,  346,  537 
csrbinoly  125 
conmalic  acid,  496 
comnalin,  362 
cyannric  add,  420 
diacetylenc,  99 

dichlonacdnic  anhydride,  466 
diethyl  ammoniom  iodide,  168 
dihydroxy  bepUmethyleDe  ,325 
diketone  (lee  Diaoetjl). 
dioitro  butyric  add,  378 
ethane   tetraourbozyUc   ester, 
531 
[Dimethyl  ethanol],  126 

ethyl  acetic  acid,  249 

acetonitrile,  268 

carbinol,  127,  129 

methane,  85 
ethylene  oxide,  299 
furazaoe,  328 
glutaric  acids,  454 
glycidic  add,  481 
glyoxime,  328 

peroxide,  328 
hydantotn,  402 
hypoxanthine,  516 
indol,  381 

acetic  acid,  381 
isocyanaric  acid,  420 
isopropyl  ethylene-lactic  acid, 

342 
isoxazole,  328 

itaconic  acid,  466 

ketazines,  220,  460 

ketol,  317 

ketone,  2x4 

laevulinic  acid,  381 

malonic  acid,  381,  44a 

methylene  dithioglycollic  acid, 

347 
nitramine,  171 

nitrosamine,  1 70 

'"'^^mcthyl -octanon -acid] .  382 

oxalic  acid,  338 

oxamic  acid,  164 

oxamide,  163,  435,  436 


I 


DimethyloxeCooe,  217,  478 

•aumidoDesoxaljimide,  498 
oxyadipic  add,  527 
pari^ftnff  add,  506 
piperidine,  169 
[Dimethylpropan-acid],  249 
propyl  metliane,  85 
pyfB2iiie,3i9,473 
pyiene,  479,  521 
pyridooe,j63 
pyiToUdine,  315 
ncemic  add,  369,  597 
socctnanil,  449 
snodnic  acid,  445 
mcdnimide,  449 
sncdny]  chloride,  446 
thetine,  348 
thiosemicarbaade,  410 
thioorea,  409 
urea  chloride,  396 
Talerblactone,  346 
xanthine,  514 
Dimyricyl,  86,  130 
Dinitro-brombenzene,  165 
caproic  acid,  378 
dimethyl  aniline,  167 
ethylene  urea,  400 
ethylic  add,  185 
glycoluril,  400 
parafiins,  154,  204,  ai2,  219 
propane,  155,  248,  308,  313 
stilbenes,  50 
Dioctyl  acetic  acid,  249 
Diolefine  alcohols,  132 
ketones,  22X 
Dioxalo  succinic  add,  572 
Dioxethylamine,  308,  356 
Dioximes,  327,528 
Dioximido  butyric  add  ester.  484 

hyperoxid-succinic  acid,  528 
valeric  acid,  483 
Dioxobehenic  add,  288 
butyric  add,  484 
piperazines,  358 
stearic  acid,  288 
sucdnic  acid,  528 
valeric  acid,  4&1 
Dioxyacetic  acid,  363 
acetone,  478 
behenic  acid,  481 
benzophenone,  75 
butyric  acid,  4i8o 
dimethyl  glutaric  acids,  527 
ethylene  succinic  acids,  521 
fumaric  acid,  52^,  528 
glutaric  add,  527 
isobtttyric  add,  480 
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Dioxyisoctylic  acid,  480 

ketone-dicarboxylic  acids,  538 
malonic  acid,  497 
olefine  dicarboxylic  acids,  528 
oxosaccinic  acid  ethyl  ester,  528 
propane  tricarboxylic  acid,  538 
propionic  acid,  480 
propylamine,  167 
propylmalonic  dilactone,  527 
quinone    dicarboxylic  acid  ester, 

528 

stearic  acid,  285,  481 
tartaric  acid,  401,  485,  525,  527 
tricarballylic  acid,  538 
undecylic  acid,  481 
▼aleric  acid,  480 
Diphenyl  bispyrazolon,  528 
batyrolactone,  446 
oxytriazine,  405 
Dipropargyl,  99 
Dipropionyl,  297 

cyanide,  371,  486 
Dipropyl-acetylene  glycol-dibutyrate,  297 
carbodi'imide,  426 
chloramine,  169 
glycoUic  acid,  3 1 7,  338 
ketone,  216 
nitramine,  171 
Dipyrazolon  derivatiTes,  528 
Disaccharides,  573 
Disacryl,  208 
Disodium  glycollate,  295 
Dissociation,  71,  524 
Distillation,  fractional,  64 

under  ordinary  pressure.  63 
reduced  pressure,  63 
Disnlphone  acetone,  218 
Disalphonic  acids,  204 
Ditbio-acetal,  204 
acetone,  218 
carbamic  acid,  407 
carbazinate  of  diammonium,  410 
carbonic  acid,  389, 391 

ethylene  ester,  391 
cyanic  acid,  422 
diamido  dilactic  acid,  347 
diethylamine,  165,  170 
dilactylicacid,  347 
dimethylamine,  170 
ethyl  dimethyl  methane,  218 
glycol.  304 
methanes.  407 
tetra-slkyldiamines,  170 
ethyl  diamines,  170 
Diurea,  405 
Divinyl,  99,  519 
Docosane,  86 


Dodecane,  86 
Dodecylene,  92 
Dotriacontane,  86 
Double  acid  amides,  cyclic,  357 
Dulcitol,  120,  541 
Duroquinone,  323 
Dynamical  isomerism,  463 
Dynamite,  474 


Earth  oil  (petroleum),  87 
Ebulliscope,  123 
Egg  albumin,  583  - 

yellow,  475,  583 
Eicosane,  86 
Elaidic  acid,  50,  a86 
Elaidin,  475 
Elastin,  586 
Elayl,  90 

chloride,  302 
Electricity,  action  on  carbon  compounds, 

76 

Electrolysis,  76 
Electrosynthesis,  240 
Elementary  analysis,  organic,  18 
Elemi  resin,  588 
Elution,  574 
Empiric  formula,  25 
Emulsion,  551, 573,  587 
Energy  isomerism,  463 
Enol  form,  55 
Enzymes,  587 
Epibromhydrin,  477 

chlorhydrin,  340,  477,  482 

ethylin,  477 
Epihydrin  alcohol,  476 

carboxylic  acid,  481 
Epihydrinic  acid,  481 
Epiiodohydrin,  477 
Equivalence  of  the  carbon  bonds,  38 
Erlenmeyer's  rule,  53,  319 
Erucic  acid,  50,  286,  481 
Erythren,  99 
Erythrin,  520 
Erythrite,  107,  1 26,  $20 
Erythritic  acid,  521 
Erythro  dextrine,  578 
glucic  acid,  521 
glucin,  520 
Erythrose,  520 

Ester  formation,  reaction  velocity,  253 
Esters,  133,  136 
Ethal,  129 

[Ethan  acid],  243,  261 
Ethanal],  195 
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EdaI  acid],  316 
Dftl  untne],  364 
e,  82 

tetncarboxylic  add,  443,  531, 

57a 
tricarboxylic    add,    443,    517, 

53« 
^Ethan-diacid],  432 

[Ethan-dial],  320 
\  Ethan-dinitrile] ,  437 
'Ethan-diol],  294 
Ethan-nltnlel,  268 
'Ethanol],  118 
[Ethanol  nitrile],  350 
'Ethanoyl  chloride],  259 
[Ethaothiol  add],  347 
'Ethene],  90 
Ethenyl  amidine,  270 

amidoxime,  271 
radical,  222 

tricarboxylic  ester,  517,  539 
trichloride,  103 
Ether,  134 

aceticus,  255 
bromatas,  141 
compound,  132 
mixed,  132 
simple,  132 
sulphuric  add,  144 
[Ethine],  95 
Ethionic  acid,  307 
Ethidene  acetoacetic  ester,  382 
acetone,  221 
acetproptonate,  202 
bromide,  201 
chlorhydrin  acetate,  202 
chloride,  91,  201,  443 
diacetate,  202 
diacetic  add,  453 
diethyl  ester,  200 

sulphone,  204 
dimalonic  ester,  457,  532 
dimethyl  ether,  200 
disulphonic  acid,  204 
dithioethyl,  204 
dithioglycollic  add,  347 
diurethane,  395 
glycol,  199 
iodide,  201 
lactic  acid,  335,  349 
malonic  acid,  278,  457,  532 
mercaptal,  204 
oxide,  195 

phenylhydrazine,  207 
propionic  acid,  278,  284,  493 
succinic  add,  441,  466 
urea,  400 


Ethoxy-chlorbotane,  301 

fumaric  add,  495 

isocrotonic  ethyl  ester,  362 

maleic  add,  495 

methylene  aceto-acetic  ester,  483 
acetyl  acetone,  478 
malonic  ester,  494 

pyridine,  363 
Ethoxyl-acetoacetic  ester,  482 

amine,  172 

chloracetoacetic  ester,  482,  521 

isoftttccinic  add,  456, 486 

oxalacetic  ester,  527 

propionic  add,  338 
Ethyl  acetaldehyde  hydrazine,  207 
acetoacetic  acid,  328 
acetoglutaric  acid,  502 
acetylbutjrric  acid,  382 
acetylene,  97,  98 

carboxylic  acid,  288 
alcohol,  82,  Z18,  134,  243 
aldehyde  (see  Acetaldehyde). 
amidoTaleric  add,  359 
amine,  118,  167 
benzhydroxime-acetic  acid,  350 
boric  acid,  180 
bromide,  14 1 
btttyrolactone,  346 
caprolactone,  346 
carbamic  ester,  394 
carbonic  acid,  386 
carbylamine,  237 
chlor-ether,  30Z 
chloride,  83, 119,  14Z 
chlormalonic  ester,  486 
cjranamide,  426 
cyanide,  268 
diacetamide,  265 
diacetoacetic  ester,  484 
dichloramine,  169 
di-sulphide,  150,  261 
>ethane-tetracarboxylic  acid,  531 
ether,  134 
ethylene,  94 
formamide,  227 
fumaric  add,  379,  465 
glutaric  acid,  453 
glycidic  ether,  477 
glycol  acetal,  316 
glycollic  add,  338,  366,  527 
hydantoln,  402 
hydrazine,  17Z 

sulphuric  add,  171 
hydride,  82 
hydroxylamine,  Z72 
hypochlorite,  1 47 
imido  chlorcarbonic  add  ester,  404 
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Ethyl  tmido  pyiuvyl  chloride,  371 

iodide,  142 

isocyanide,  237 

ketol,  317 

IseTulinic  acid,  380 

mercaptan,  149,  406 

mercuric  hydroxide,  186 

methyl  acetylene,  gS 
ether,  136 
glyceric  add,  2S0 
▼alerolactone,  346 

methylene  amine,  205 
'   nitramine,  171 

nitrate,  124,  143 

nitrite,  144 

nitrolic  acid,  158 

oxalic  acid.  434 

chloride,  434 

oxybutjrric  acid,  342 

piperidone,  360 

propylacetic  acid,  249 

succinaldehyde-dioxime,  327 

snccinimide,  448 

sulphide,  149 

sulphite,  147 

snlphoacetic  acid,  348 

sulphocarbamic  ethyl  ester,  406 

sulphone,  151 

sulphonic  acid,  153 

sulphopropionic  acid,  348 

sulphoxide,  151 

sulphurane,  305 

sulphuric  add,  119,  124,  133,  145 

tetronic  acid,  379 

thiocarbonic  add,  391 

thionamic  acid,  170 

sulphonic  ester,  153    * 

urea,  399 

chloride,  396 

valerolactam,  360 

valerolactone,  346 
Ethylene,  76,  90 

bromide,  91,  302,  532 
chlorhydrin,  1 18,  293,  300  ^ 
chloride,  91,  302 
cyanhydrin,  350 
cyanide,  449 
diamine,  312, 395 
diethylsulphide,  304 
sulphone,  305 
dlmalonic  ester,  532 
dimethylsulphide,  304 
dinitramine,  312 
disulphinic  add,  306 
dlsulphonic  acid,  307 
ethenylamidine,  312 
ethidene  ether,  298 


Ethylene,  glycol,  107,  294 

haloids,- 302 

hydrinsulphonic  acid,  306 

iodide,  302 

lactic  acid,  34I 

mercaptan,  304 

methylene  ether,  298 

oxide,  298 

pseudo  urea,  404 

succinic  acid,  443 

sulpho  urea,  409 

tetracarboxylic  ester,  533 

thiohydrate,  304 

urea,  400 

urethane,  395 
Ethylin,  476 
Euglena  viridis,  578 
Euxanthic  acid,  568 
ETonymus  europaeus,  475 


Fats,  252,  454,  475 
Fatty  acids,  239 

synthesis— decomposition, 
251 

bodies,  78 
Fehling's  solution,  545 
Fellinic  acid,  587 
Ferments,  587 
Fermentation,  122,  473,  547 

amyl  alcohol,  127 
butyl  alcohol,  126 
lactic  acid,  335 
Ferricyanide  of  potassium,  232 
Ferrocyanide  of  potassium,  232 
Fibrins,  583 
Fibrin-ferments,  583 

globulin.  583 
Fibrinogen,  583 
Filter  paper,  Swedish,  579 
Fish  blubber,  87,  285 
Flesh-pieces,  355,413 

(meat)  extract,  337,  339,  413 
Fluor-alkyls,  139 

chlorbromoform,  235 

chloroform,  235 
Formal,  200 
Formalazine,  207 
Formaldoxime,  206 

glycerol,  476 
Formalin,  Z93 
Formamide,  227 
Formamidine,  232 
Formates,  226 
Formazyl  carboxylic  acid,  233 
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Foniuizyl  hjrdride,  233 
Formic  mcid,  225 

aldehyde.  1 18,   xgs,  417,  476, 

528.  530 
Formimido  ether,  232,  269 

Formine,  226,  475 
Formoguanainine,  4x2 
Formonitrile,  228 
Formose,  552 
Formoxime,  206 

Formula,  detenninatioa  of  molecular,  25 
empiric,  constitutional,  ration- 
al, itructural,  rearrangement, 

337 
Formyl  (radical),  224 

acetic  acid,  364 

acetone,  319,  321 

chloridoxime,  233,  499 

hydrazine,  228 

hydroxamic  acid,  233 

ketone,  321 

succinic  ester,  495 

thiosemicarbazide,  410 

tricarboxylic  acid,  517 

trisulpbonic  acid,  235,  387 

urea,  400 
Freezing-point  depression,  32 
Fructose,  193,  208,  551,  575 

carboxylic  acid,  568 
Fruit  essences,  256 

»«gar»  551.  553 
Fuchsine  sulphurous  acid  (reagent  for 

aldehydes),  545 
Fucose,  536 
Fulminate  of  mercury,  238 

of  silver,  238 
Fulminic  acid,  237 
Fulminuric  acid,  238,  585 
Fumaric  add,  50,  76,  96,  458,  501,  517, 

532 
Furazan  carboxylic  acid,  483,  528 

dicarboxylic  acid,  498 

propionic  acid,  483 

rin^,  327 
Furfur  acrylic  acid,  503 
Furfural  laevulinic  acid,  529 
Furfurane  carboxylic  acids,  570 
Furodiazoles,  327 
Furonic  acid,  455 
Fusel  oil,  122 


Galactan,  551 
Galactite,  551 
GaUctonic  acid,  346,  567 
^  "  -^ose,  55X,  575,  576 


Galactose  carboxylic    add,    346,   568, 

569 
[Gala-heptanpentol  diacid],  571 
Galaheptite,  542 
GalahepConic  acid,  553,  568 
Galaheptose,  553 
Galaoctonic  acic^  553,  568 
Gallesine,  549 
Gasbaroscope,  23 
Ganltheria  procumbens,  x  1 7 
Gelatine  liquid,  585 

tissues,  585 
Genera  names,  57 
Geranial,  209 
Geranic  acid,  289 
Geraniol,  132,  380 
Geranium  ethide,  x8x 
Globulins,  357,  583 
Glucase,  576 
Glucoheptite,  542 
Glucoheptonic  acid,  568 
Glucoheptose,  553 
Gluconic  acid,  346,  567 
Glucononite,  542 
Glucononose,  542,  553 
Glnco-octite,  542 
octose,  553 
Glucosamine,  549,  550,  586 
Glucosanes,  577 
Glucosazone,  549 
Glucose,  120.  534,  543,  548,  553 

amido-guan«dine,  550 

carboxylic  acid,  568 

mercaptal,  550 
Glucosides,  544,  548,  549 
Glucosone,  549 
Glucuronic  acid,  568,  585 
Glutaconic  acid,  452, 467, 494,  496,  533. 

538 
Glutamine,  69,  493 

Glutaminic  acid,  493,  581 

Glutaric  acid,  452,  538 

Glutarimide,  349,  453 

Glutazine,  496 

Glutin,  585 

peptones,  586 

Glutinic  acid,  46i8 

Glyceric  acid,  247,  340,  480,  48  x 

Glycerides,  475 

Glycerol,  X07,  130,  2^6,  471.  47^,  497. 

573 
aldehyde,  477 

ether,  476 

ketone,  477 

phosphoric  acid,  475 

sulphuric  acid,  475 

Glyccrose,  477,  534,  552 
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Glyceryl  chloride,  475 
Glycide,  476 

mcetate,  477 
Glycidic  acid,  540,  481 
Glycin  (see  Glycocoll). 

anhydride,  355,  358 
Glycocholic  acid,  355,  587 

Glycocoll,  230,  354.  401,  510.  587 

*™»de,  355 
Glycocyamine, — cyamidine,  412 
Glycogen,  576,  578 
Glycol,  125,  294,  386, 429 

acetal,  316 

acetate,  304 

aldehyde  (see    Glycolyl    alde- 
hyde). 

bromhydrin,  301 

carbonate,  386 

chloracetin,  304 

chlorhydrin,  125,  301 

dinitrate,  303 

ethyl  ether,  297 

nitrohydrin,  308 
Glycollic  acid,  124,  244,  274,  334,  364, 

429.  472 
amide,  349 

anhydride,  338,  339 

ethyl  ester,  339 

c»ter,  338 

nitrite,  350 
Glycollides,  339 
Glycolloglycollic  acid,  339 
Glycoll-sulphuric  acid,  303 

urelne,  400 
Glycolttric  acid,  401 
Glycoluril,  327,  400,  401 
Glycolyl-aldehyde,  125,  199,  295,  315, 

534 
guanidine,  412 

urea,  401 

Glycose  (see  Glucose). 

Glycosides  (see  Glucosides). 

Glycosin,  321 

Glyoxal,  124,  199,  295,  320,  400,  429, 

528 

acid  (see  Glyozylic  acid). 

osazone,  328 

osotetrazone,  328 

Glyozalines,  321,  322,  401 

Glyoxime,  321 

Glyoxyl-carboxylic  acid,  483 

Glyoxylic  acid,  124,  I99,  224,  274,  295, 

3«4,  400,  429,  472 

Glyozyl-isobatyric  acid,  483 

propionic  acid,  381,  483 

area,  504 

Granalose,  577 


Grape  sugar,  548 

synthesis,  553 
space*  isomerism,  560 

Green  malt,  121 

Groups,  39 

Guaiacol,  528 

Gnaicol,  208 

Guanazole,  415 

Guaneldes,  412 

Guanidine,  238,  384,  41  z 

Guanido  acetic  acid,  412 

carbonic  acid,  414 
dicarbonic  acid,  414 
propionic  acid,  412 

Guanimines,  412 

Guanine,  5x4 

Guanoline,  414 

Guanyl-guanidine,  414 
urea,  414 

Gulonic  acid,  566 

Gulose,  551 

Gums,  578 


H 

HiCMATIN,  585 

Haemato-chromogen,  585 

porphyrin,  585 
Hsemin,  585 
Haemoglobins,  584 
Half-ortho-oxalic  acid,  434 
oxalic  ester,  434 
shadow  apparatus,  574 
Halogenides,  223 
Halogen  ketoximes,  319 

mononitro  paraffins,  154 

olefines,  104,  Z42 

paraffins,  99 
Halogens,  determination,  23 
Heat,  action  of,  upon  carbon  compounds, 

73 
of  combustion,  72 

Hectograph  material,  473 

Heneicosane,  86 

Hentriacontane,  86 

Heptachlorethidene  acetone,  221 

Heptacosane,  86 

decane,  86 

methylene,  89 
[Heptan-diacid],  455 
Heptane,  86,  129 
[Heptanpental-diacid],  571 
THeptantrion],  479 
rleptenyl  amidoxime,  27 1 
Heptinic  acid,  482 
Heptolactones,  346 
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Heptyl-aceUte,  9j 
alcohol,  129 
Heptylic  add,  250 

mustard  oil,  425 
Heradeum  giganteum,  243,  247,  256 

sphondylium,  129,  243 
Hesperidine,  536 
Heterocydic  compoands,  78 
Heteroxanthine,  514 
Hexachlorbenzene,  100 

diketo-R-hexene,  463 
ethane,  103 
Hexacontane,  S4 
decane,  86 
decyl  alcohol,  1 29 
decylene,  257 
di-indiol,  297 
ethyl  melamine,  428 
hydrobenzene,  89 
mesitylene,  88 
pyrazine,  314,  358 
xylene,  88 
iodobenzene,  106 
methyl  benzene,  98 
methylene,  89 

bromide,  303 
diamine,  313 
glycol,  296 
tetracarbozylic     acid, 

532 
tetramine,  205 

methyl  melamine,  428 

Hexane,  84,  8s,  86 

IHexan-diacid],  454 
Hexandion],  322,  323 
Hexantriolj,  473 
lexaoxybenzene  potassiam,  236 
Hexenic  acids,  284 
Hexenyl  amidoxime,  271 
Hexinic  acid,  482 
Hexites,  540,  557 
Hexonic  acids,  557 
Hexoses,  543,  555 
Hexyl  alcohol,  129 

but3rrolactone,  346 
Hexylene  glycols,  296 

oxide,  299 
Hexyl-crylhrol,  99,  520 
Hexylic  acids,  250 

iodide,  140,  540 
Hippuric  acid,  354,  510 
Hoffmann's  anodyne,  135 
Homo-aspartic  acid,  491 
choline,  309 
coninic  acid,  359,  360 
laevulinic  acid,  381 
-ologous  series,  40 


Homopiperidic  add,  359 
terpenylic  add,  493 
Hyalogeni,  584 
Hydantoln,  401,  412 
Hydantolc  acid,  401,  412 
Hydracetamide,  205 
Hydncetylacetone,  213,  221,  3x8 
Hydnoylic  add*  295,  341 
Hydramines,  308 
Hydrazi-acetic  acid,  366 

propionic  add,  371 
Hydnudde  acetaldehyde,  316 
Hydrazido-mefoxalamide,  498 
Hydrazine,  17X,  367,  415 

carbonic  ester,  404 
ureas,  399 
Hydrazino-fatty  acids,  361,  365 

nitriles,  206 
Hydrazo-dicarbonamide,  405 
dicarbonamidine,  415 
dicarbonic  add,  405 
dicarbonimide,  405 
dicarbonthio-amide,  410 
fatty  acids,  361 
formamtde,  405 
thioallylamide,  410 
Hydrazones,  207,   220,  328,  367,  371, 

546 
Hydrazoximes,  328 
Hydroaromatic  compounds,  77 
caibons,  78 

halogen  deriTatiTes  of,loi 
chelidonic  acid,  503 
flavic  acid,  437 
Hydrogen,  addition,  39 

determination,  19 
pure,  227 
HydroljTsis,  120 

muconic  adds,  467 
sorbic  add,  284,  481 
Hydroxamic  adds,  223,  270 
Hydroxy-adipic  acid,  494 
caffeine,  5x1,5x5 
bcTulinic   acids,    381,    382, 

483 

amine,  237 

Hydroxyl  acetic  add,  350 

alkyl,  172 

group,  40 

oxamide,  436 

sebacic  acid,  494 

tetramethyl  piperidine,  2x9 

urea,  406 
Hydurilic  acid,  509 
Hypochlorous  add  ester,  147 
Hypogsetc  add,  285 
Hypoxanthine,  5x3 
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I 
IDITB,  541 

Idonic  add,  536,  567 
Idosaccharic  acid,  558,  569 
Idosc.  541,  551.  567 
Ilex  paraguayensis,  515 
lUumiDating  gas,  96 
Imid  axoles,  321 
azolones,  319 
azolylmercaptans,  319 
Imide  bases,  167 

chlorides,  223,  268 
Imides  of  dicarbozylic  acids,  432,  448 

of  glycols,  314 
Imido-acetoacetic  acid  nitrile,  378 
acetonitrile,  356 
carbonic  acid,  404 
dicarbonic  acid,  403 
ethyl  succinic  acid,  526 
malonamide,  440 
oxal  ether,  438 

psendo  uric  acid,  506,  507,  516 
pyroracemic  acid,  371 
thio-carbonic  acid,  406 
thioarazole,  411 
Indol,  581 
Innlin,  578 
Inversion,  120,  573 
Invertin,  120,  573,  587 
Invert  sugar,  I20,  552,  573 
Iodine  determination,  23 
solubility,  390 
reaction  with  starch,  577 
lodo-acetaldehyde,  199 
acetone,  217,  317 
acetoxime,  319 
acetylene,  106,  288 
acrylic  acid,  281 
alkyls.  loi,  142 

cyanogen  (see  Cyanogen  iodide), 
ethane,  loi,  124,  142 
ethylamine,  311 
fatty  acids,  272 
Iodoform,  102, 124,  159,  215,  224,  235, 
386 
reaction,  123 
fumaric  acid,  463 
lodohydrin,  124 
lactic  acid,  340 
methyl  ether,  134,  202 
propiolic  acid,  28iS 
propionic  acid,  275,  341,  454,  502 
stearic  acid,  286 
Iris  root,  250 
Isatine,  55 

Isethionic  acid,  304,  306 
Iso-acetonitrile,  237 


Isoainylamine,  1 67 
amylcne,  93,  94, 129 
glycol,  296 
isonitrosocyanide,  320 
nitrosate,  320 
amyl  ether,  136 
amylidene  acetone,  221 
asparagine,  491 
barbituric  acid,  513 
butane  tricarboxylic  acid,  517 
butenyl  tricarboxylic  acid,  453 
btttyl  acetaldehyde,  Z96 

acetic  acid,  249,  265,  268 
alcohol,  126 
amine,  167 
butyrolactone,  346 
carbinol,  122,  127 
butylcne,  89,  92,  94,  127 
glycol,  296,  301 
oxide,  299 
haloids,  140 

propyl-ethyl-methyl  ammonium 
chloride,  169 
butyraldehyde,  Z96,  206 
butyronoxime,  220 
butyric  acid,  126,  247, 256,  259,  261 
butyryl  cyanide,  37 1 
caprolactone,  284, 346,  494 
cholesterine,  588 
choline,  309 
citric  acid,  530 
crotonic  acid,  50,  282 
cyanate  of  potassium,  230,  417 
cyanic  acid,  416 

ester,  162,  398,  417,  423 
tetrabromide,  415 
cyanides  (see  Isonitriles). 
cyanogen  oxide  =  t-cyanogen  oxide, 

415 

tetrabromide,  415 

cyanuric  esters,  420 

cyanurimide,  427 

cyclic  compounds,  77 

dehydracetic  acid,  376,  496 

dialuric  acid,  513 

dibutylene,  92,  94 

dulcite,  536 

erucic  acid,  286 

glucosamine,  549,  552 

beptenic  acid,  284 

heptylenic  acid,  346,  493 

hydrosorbic  acid,  284 
Isologous  series,  40 

malic  acid,  48iS 

maltose,  576 

melamine,  427 
Isomerism,  chemical,  41 
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Isomerism,  dynamical,  462 

physical,  44 
Ifomuscarine,  316 

nitramine  acetoacetic  ester,  483 

fatty  acids,  360 
nitrile  reaction,  166,  235 
nitriles,  54,  225,  236 
nitropropane,  157 
Isonitroso  acetic  ester,  528 

acetoacetic  ester,  484, 528 
acetylacetone,  479 
barbitnric  acid,  509 
glutaric  ester,  502 
ketones,  212,  213,  325,  376 
bcTulinic  acid,  484 
malonic  ester,  498 
propionic  acid,  37 1 
Isooleic  acid,  286 
Isopborone,  214,  221 
propenyl  ether,  136 
propyl  acetylene  db'bozylic  acid,  288 
acetyl  valeric  acid,  382 
alcohol,  122,  za5, 472 
amine,  1 67 
Isopropylbut3rrolactone,  346 
carbinol,  1 26  • 

propylene  malonic  acid,  457 
ether,  136 

glutolactonic  acid,  494 
haloids,  125,  140 
[Isopropylheptanon-acid],  382 
Isoprooylmalic  acid,  492 

tricarballylic  acid,  518 
pyrotritartaric  acid,  324 
quinoline,  74,  78 
rhamnonic  acid,  537 
rhamnose,  536 
saccharic  acid,  571 
saccharin,  537,  576 
succinic  acid,  246,  441 
thio-acetanilide,  262 
cyanic  acid,  55,  421 

ester,  162,  423 
cyanuric  ester,  425 
trichlorglyceric  acid,  370 
triethylin,  316 
Isouretine  or  isuret,  233 
uric  acid,  509 
valero-glutaric  acid,  467 
valeric  acid,  248,  259 

aldehyde,  75,  196,  206,  357 
Isoxazoles,  319,  327 
Isoxazolon  hydroxamic  acid,  5cx> 
Itabrompyrotartaric  acid,  451,  492 
Itaconic  acid,  76,  465,  492 
anhydride,  53,  465 
ester,  465 


Itachlorpyrotartaric  acid,  451,  492 
Itaconilic  acid,  465 
Itamalic  acid,  492 


Ketazines,  220,  546 
Ketines,  319 
Ketipic  acid,  528 
Ketoamines,  320 

brassidic  acid,  288 
butyric  acid,  372 
glutaric  acid,  501 
hexoses,  551 
malonic  acid  group,  497 
succinic  acid  group,  499 
Ketols,  317 
Ketone-alcohols,  317 
chlorides,  213 
carboxylic  acids : 

mono-,  368, 497,  531,  539 
di-,  484,  527 
tri-.  521.538 
decomposition  of  acetoacetic  ester, 

375 
of  oxalacetic  ester, 

499 
halides,  I02 

phenylhydraxones,  220 

Ketones :  mono-,  209 ;  di-,  323 ;  tri-,  479 ; 

tetra-,  521 

Ketonic  acid  nitriles,  268,  370,  378 

oximes,  371 

Ketooxystearic  acid,  286 

pentacarboxylic  ester,  454 

pentamethylene,  454 

piperidine,  360 

stearic  acid,  288,  382,  383 

substitution  products,  211 

succinic  acid  group,  499 
Ketoxime  carboxylic  acid,  241 
Ketoximes,  158,  2x9 
Kopfer^s  method,  21 


Lactams,  52,  358 

Lactam  forms,  55 

Lactamide,  349 

I^ctarius  volemus,  542 

Lactates,  336 

Lactazams,  363 

Lactic  acids,  336,  337 

ethidene  ester,  341 
fermentation,  335 
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Lactic  acid  nitrile,  349 
Lactides,  339 
Lactime  form,  55 
Lactimide,  358 
Lactobionic  acid,  575 

biose,  575 
Lactones,  52,  342 
Lactonic  acid,  567 

acids,  486,  492,  494,  530 
Lactose,  575 

carboxylic  acid,  576 
Lacturic  acid,  402 
Lactyl  urea,  402 
Lactylo-lactic  acid,  339 
Lxvulinic  acid,  379 
Laevulose,  379,  551,  568 
Lanoceric  acid,  588 
Lanoline,  588 

palminic  acid,  588 
Laurie  acid,  216,  249, 250, 265,  268,  271 

aldehyde,  196 
Laurone,  215,  220 
Laurus  nobilis,  250 
Lead  alkyls,  187 

ethide,  187 

plaster,  253 

sugar  of,  245 

▼inegar,  246 

white,  246 
Leather,  585 
Lecithin,  309,  475 
Leinoleic  acid,  286 
Leiocome,  578 
Lepargylic  acid,  455 
Leucelnes,  581 
Leucic  acid,  337 
Leucine,  47,  69,  357.  581,  586 
Leucoturic  acid,  509 
Lichenine,  578 
Liehig's  potash  bulbs,  19 
Light,  action  of,  upon  carbon  compounds, 

74 
Lignose,  579 

LigroTne,  87 

IJmit  alcohols,  109 

hydrocarbons,  79 
TJnalooI,  132,  380 
Linking  of  the  carbon  atoms,  37 
Linseed  oil,  286 
LscToasparagine,  490  "* 

aspartic  acid,  490 

glyceric  acid,  480 

lactic  acid,  336 

mandelic  acid,  69 

malic  acid,  487 

tartaric  acid,  69,  526 
Lubricating  oil,  88 


Lupeol,  588 

Lupeose,  576 

Lutidine  carboxylic  ester,  483 

Lycine,  310 

Lycium  barbarum,  310 

Lysatin,  581 

Lysatinin,  581 

Lysidine,  312 

Lysine,  581 

Lyxonic  acid,  536,  537 

Lyxose,  536 


.    M 

Magnesium  alkyls,  184 
Mashing  process,  122,  576 
Malamic  ester,  489 
Malamide,  489 
Malates,  4i88 
Malein  anil, 
Malelcacid,  5 


Malic  acid, 
Malonic  aci 


459.  460 
lysis  of,  76 


439,  242,  244,  274,  281, 

402,  513 
ester,  242,  321,  440,  500, 
506 
Malonamide,  440 

amic  ester,  440 
diacetic  acid,  532 
diamidoxime,  440 
dihydroxamic  acid,  440 
ethylene  ester  acid  chloride,  440 
ethyl  ester  acid,  77 
hydrazide,  440 
Malononitrile,  440 

tricarballylic  acid,  532 
Malonyl  guanidine,  506 
urea,  506,  513 
Malt,  121 

sugar,  121,  576 
Malto-bionic  acid,  576 

biose,  576 
Maltonic  acid,  $66 
Maltose,  576 

carboxylic  acid,  576 
Mandelic  acid,  47,  68 
Manna,  540,  570 
Mannide,  540 
Mannitol,  107,  120,  540 
Mannitan,  540 
Manno-heptite,  542 

heptonic  acid,  567 
heptose,  553,  567 
nononic  acid,  553,  567 
nonose,  553 
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Manno-octite,  542 

octooic  acid,  567 
octose,  553 
saccharic  acid,  569 
Mannose,  547 

carboxylic  acid,  567 
Margaric  acid,  216,  250 
Maigarine,  252 
Manh  gas,  80 
Meconic  acid,  496 
Melam,  428 
Melamine,  427 
Melanurenic  acid,  427 
Melecitose,  577 
Melem,  428 
MclibioM,  576 
Melissicacid,  249,  251 
Mel  issyl  alcohol,  129 
Melitose,  577 
Melitriose,  577 
Mellon,  428 

Melting  point,  regularity,  62 
Mendius*  reaction,  162 
Menthone,  382 

Mercaptal  carboxylic  acids,  347 
Mercaptals,  204,  534 
Mercaptan  carboxylic  acids,  347 
Mercaptans,  mercaptides,  148 
Mercaptol  carboxylic  acids,  347 
Mercaptols,  212,  218 
Mercaptothiazoles,  407 
Mercurialis  perennb  and  annua,  166 
Mercury  acetamide,  264 

alkyls,  83,  86 

ally!  iodide,  186 

cyanide,  231,  420 

ethide,  186 
Merotropy,  54 

Mesachlorpyrotartaric  acid,  451 
Mesaconic  acid,  379,  464 

dibrompyrotartaric  acid,  452 
Mesitene  lactam,  362,  363 

lactone,  362 
Mesitonic  add,  381,  494 
Mesitylene,  98,  214 
Mesityl -oxide,  214,  217,  219,  221,  381 

oxalic  acid,  485 
Mesitylic  acid,  494 
Mesodinitroparaffins,  158,  219 

propane,  159 
Meso-form,  445 

Urtaric  acid,  48,  51,  6^  522,  523 
Mesoxalic  acid,  402,  473,  497,  504 
Mesoxalyl  urea,  508 
Mesoxanilidimide  chloride,  499 
Metacrolein,  208 

formaldehyde,  194 


Metacarbonic  acid,  385 
Metaldehyde,  195 
Metallo-organic  compounds,  182 
Metamerism,  41 
Meta-propylaldehyde,  197 
saccharic  acid,  346 
saccharin,  537,  538 
Methacxylic  acid,  283, 453 
Methane,  76,  80,  246 

derivatives,  76 
[Methanall,  193 
r  Methanol],  117 
Methenyl  tricarboxylic  acid,  517 
Methaxonic  acid,  156 
Methenyl  (radical),  222 
amidine,  232 

amidoxime,  933,  27 z,  396 
bisacetoacetic  ester,  4B3,  529 
bismalonic  ester,  533 
carbohydrazide,  405 
Methine  (radical),  222 

trisulphuric  add,  204,  235 
Methionic  acid,  204 
rMetho-4'-^thyl-4>heptane],  80 
Methose,  552 

Methoxjrisocrotonic  acid,  362 
Methoxylamine,  172 

dimethyl  acetoacetic  ester,  482 
Methyl  acetoacetic  add,  328,  372,  378 
pyronon,  521 
succinic  add,  501 
acetylene,  98 

carboxylic  acid,  288 
acetyl  urea,  400 
adipic  acid,  455 
alcohol,  117 
aldehyde,  193 
alloxan,  508 
allyl  ketones,  216 
ketoximes,  220 
nitroamine,  171 
propyl-carbinol,  342 
amine,  166 
arabinostde,  536 
bromide,  141 
brommalonic  ester,  442 

i Methyl  butanal],  196  -  . 
Methyl  butanonj,  216 
Methyl  butan  acid],  248 
3-Methyl-i-butineJ,  98 
lethyl  butyl  acetic  add,  249,  568 
amine,  167 
nitramine,  Z71 
tetraxine,  172 
butyrolactone,  345 

carboxylic     add, 
486 
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Methyl  carbamic  ester,  394^ 
cmrbimide,  418     ^ 
carbonic  acid,  386 
carbylamine,  237 
chloramylamioe,  311 
chloride,  141,  164 
chloroform,  103 
crotonic  acid,  283 
cyanamtde,  426 
cyanide,  268 
diacetamide,  265 
diethyl  acetic  add,  249 

methane,  85 
dihydro  forfurane,  300 

pyrrol,  318 
di-iodoamine,  169 
dimethyl  phenyl  pyridozolon,  381 
dioxytriazine,  395 
disulphide,  150 
ether,  134 
ethyl  acetaldehyde,  196 

acetic  acid,  246, 248 

acetonitrile,  268 

acetylene,  98 

acrolein,  209 

amine,  167 

carbincarbinol,  122,  127 

carbinol,  126 

diketone,  322 

ethylene,  94 

glycollic  acid,  338 

glycollo-nltrile,  350 

glyoxime,  327 

rroxide,  327 

diethyl     sulphone, 
218 
nitramine,  171 
oxyacetic  acid,  283 
oxybutyric  acid,  342 
pinacone,  216 
propyl  isobntyl  ammonium 
chloride,  52 
formyl  acetic  ester,  362 
fumaric  acid,  464 
furfurol,  536 
glucostde,  550 
glutaric  acid,  453 
glutolactonic  acid,  380,  494 
glyceric  acid,  480 
glycidic  acids,  481 
glycocoll,  355 
glycocyamidine,  413 

amine,  413 
glyoxal,  321,  328 
glyoxalidine,  312 
osazone,  328 


Methyl  glyoxalosotetraxone,  328 
glyoxime,  327 
goanidine,  412,  413 

acetic  acid,  413 

EMethyl-heptanoltrion],  520 
Methylheptanon],  221 
lethyl-d-hexene,  325 

hexylacetonitrile,  268 
hydantoin,  401,  402,  413 
hydrazine,  171 
hydroxylamine,  172 
hypochlorite,  147 
tmidothiodiazoline,  410 
indol,  581  ^    _      i 

iodide,  142  ' 

isobutylbutyrolactone,  346 
isobutylenamine,  205 
glyoxime,  327 
citric  add,  530 
cyanate,  418 
cyanide,  237 
propylacetamide,  265 

carbinol,  127,  128 
ketoxime,  220,  320 
isoxazole,  327 
isoxazolon,  376 
kctol,  317 

laevulinaldoxime,  321 
laevulintc  acid,  380 
malic  acid,  492 

ester  add,  376 
mannoside,  548 
mercaptan,  Z49 
mercury  nitrate,  186 
methane  (see  Ethane), 
methylene  amine,  205 
nitramine,  170 
nitrate,  143 
nitrite,  144 
nitrolic  add,  1 58 
nitrourethane,  395 
nonylketone,  216 
cenanthone,  216 
oxalacetic  ester,  492,  500 
oximidoethyl  ketone,  484 
oxybut]Fric  acid,  342 

glutaric  acid,  380,  494 
thiazole,  423 
▼aleric  acid,  342 
parabanic  acid,  505 
paraconic  acid,  278,  346,  492 
penthiophene,  453 
phenyl  pyridazolon,  381 
piperidine,  360 
|Methylpropanal],  196 
[Methylpropan  diacid],  441 
|Methy]-3-propanol  add],  337 
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[Methylpropan  acid],  249 

propionyl  acetic  acid,  378 

propyl  aceUldehyde,  19(5 

acetic  acid,  249,  266 
allyl  carbinol,  131 
amine,  167 

carbinol,  68,  127,  128 
ethyl-ethylene  glycol,  297 
ethylene  lactic  acid,  342 
glyoxime,  327 
nttramine,  171 
ozybutyric  acid,  342 

pseodoaric  acid,  507 

pyrazole,  328 

pyridaanone,  381 
aiolon,  381 

pyrrolidine,  381 

pyrrolidon,  360 

quinoline,  316 

succinic  acid,  444 

laccinimide,  448 

talphide,  Z49 

lulphite,  146 

salphobromide,  151 
chloride,  152 

tnlphone,  151 

sulphonic  acid,  152 

sulphoxide,  15 1 

sulphuric  acid,  145 

tetronic  acid,  378 

tetrose,  520,  536,  563 

theobromine,  514 

thialdin,  204 

thiosemicarbaxide,  410 

triacetoamine,  219 
carballylic  add,  518 
carbimide,  420 

uracil,  376,  513 

uramils,  507 

urea,  399 

chloride,  396 

nrethane,  394 

uric  acids,  505,  5x2 

▼alerolactam,  360 

Talerolactone,  346 
Methylal,  200 
Methylene  amido  acetonitrile,  231,  354, 

bromide,  201 
chloride,  201 
cyanide,  440 
cyanhydrin,  354 
diacetamide,  265 
diacetic  ester,  202 
diethyl  ether,  200 

sttlphone,  204 
dimalonic  ester,  531 


Methylene  dimethyl  ether,  200 

disulphuric  add,  204 

glycol,  194 

heptylamine,  167 

hydnnsnlphomc  add,  204 

iodide,  20Z,  235,  532 

lactate,  339 

malonic  ester,  456 

mercaptal,  204 

succinic  add,  465 

snccinimide,  449 

urea,  400 
Methylenitan,  552 
Micrococcus  aceti,  244 
Milk  albumin,  583 

»ng"»  575 
Millon's  reagent,  582 

Mineral  wax,  88 

Molasses,  122,  574 

Molecular  formula,  atomic,  25 

empiric,  27 

isomerism,  59 

refraction,  66 

▼olume,  60 

weight,  determination  of,  26 
Monacetin,  475 
Monethylin,  476 
Monobromacetone,  217 

ethyl  ether,  202 

meUiyl  ether,  202 
chlor-ether,  135 

ethyl  ether,  202 

formin,  226,  475 

hydrazones,  328 
chlorhydrin,  474 

methyl  ether,  202 

methyl  sulphonic  acid,  393 
Monoiodo-methyl  ether,  202 
Monoses,  543 
Monothio-diethylamine,  165 

ethylene  glycol,  304 
Moss,  Iceland,  458 

starch,  578 
Moringa  olelfera,  251 
Morphine,  166 
Morpholine,  310 
Morphotrophy,  59 
Mucedin,  583 
Mudn,  584 
Mucinogen,  584 
Muco-bromic  acid,  287,  365,  465,  477 

chloric  acid,  365 
Mucoids,  584 

lactonic  acid,  495  . 
Muconic  acid,  467 
Muco-oxy-bromic  acid,  483 

chloric  add,  483 
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Mnrexan,  507 
Murexide,  510 
Muscarine,  J09 
Muscle  juice,  413 
MusUrd  oil,  425 

acetic  acid,  410,  424 
test,  425 

seeds,  425 
Mycodenna  aceti,  244 
Mycose,  576 
Mycosin,  586 
Myridn,  257 

Myricyl  alcohol,  Z29,  130 
chloride,  1 30 
iodide,  130 
Myristtc  add,  216,  250,  265,  588 
Myristica  moschata,  250 
Myristin,  250,  475 

aldehyde,  196.  206 

amidoxime,  271 

glycerol  ester,  475 
Myristone,  216 
Mjrronic  add,  425 
Myrosio,  425,  587 


N 

Naphtha,  88 
Naphthalene,  74 
Naphtenes,  88 
Naringin,  536 
Neftigil,  88 
Neuridine,  313 
Neuriiie,  169,  309 
Nitramide,  395 
Nitramine  fatty  acids,  360 
Nitramines,  Z70 
Nitric  add  ester,  143 
Nitrile  bases,  167 

carboxylic  acids,  229 
Nitnles,  266 
Nitrilo-acetonitrile,  356 
malonic  acid,  440 
oxalic  ester,  437 
oxalimido-ether,  438 
sucdnic  acid,  527 
tricarboxylic  add,  403 
Nitroacetonyl  urea,  402 
acetic  acid,  350 
.  amido-acetamide,  401 
amines,  170 
barbituric  acid,  507 
benzene,  154,  l6i 
bromoform,  387 
butane,  157 
butyl  glycerol,  520 


Nitrocarbamic  acid,  395 
cellulose,  474 
chloroform,  157,  387 
cyanacetamide,  238 
erythrol,  520 
fatty  acids,  350 
ethyl  alcohol,  124,  308 

urea,  399 
form,  159,  235,  3^7 
glycerine,  474 
guanidine,  414 
Nitrogen,  determination,  21 

carbon  monoxide,  389 
carbonic  methyl  ester,  389 
Nitrohydantoln,  401 

isobutyl  glycol,  477 
propyl  alcohol,  308 
valeric  acid,  351 
Nitrol  acetic  acid,  438 
Nitroamines,  320 
Nitrolactic  acid,  339 
Nitrolic  acids,  157,  223,  270 
malonic  acid,  486 

aldehyde,  477 
malonyl  urea,  507 
mannite,  541 
methane,  156,  387 

disulphuric  acid,  235 
methylisoxazolon,  482 
nitroso-propane*  1 58 
octane,  154, 157 
olefines,  154 
paraffins,  154,  162 
phenol,  477 
propionic  acid,  350 
propylene,  157 
prusside  of  sodium,  232 
Nitrosates,  93,  3x9 
Nitrosites,  93,  3x9 
uracil,  513 
uruilic  acid,  513 
urea,  399 
urethane,  395 
Nitroso-amines,  170 
diethylin,  170 
methylaniline,  167 
methylin,  170 
guanidine,  4x5 
methyl  urethane,  207,  395 
paraldimine,  206 
urea,  399 
urethane,  395 
Nitrous  acid  ester,  144 
Nitrotartaric  acid,  485,  526 
Nobel's  blasting  oil,  474 
Nomenclature,  57 
Nonadecane,  86 
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rNooan-diacidl,  455 
Nooftne,  S4,  80 
NoDoai^teae,  88 
NonoisoMCcharic  add,  571 
NoDotes,  545,  553 
Nonylenic  acid,  193,  278,  284 
Nonylic  acid,  250,  286 
Normal  stractnre,  43,  109 
Nucldn,  584 
Nucleus  isomerism,  41 
syntheses,  85 
NtttoU,  286 


OCTADECAKE,  86 
rOctadi<n],99 
[Octan-diacid],  455 
Octane,  86 
Octaoolactam,  360 

tesserakaideca-carboxylic  ester,  559 
Octobromacetylacetone,  323 
Octoic  acid,  250 
Octo-napthen,  88 
Octoses,  543 
Octyl  alcohols,  xig,  286 
CEnanthol,  129,  xg6,  206,  277,  286,  349 
CEnanthone,  215 
CEnanthyl  aldehyde,  196 
CEnanthylic  acid,  250,  261,  265,  268 
Oil-forming  gas,  90 
of  garlic,  130,  1 50 
of  the  Dutch  chemists,  302 
sweet  Tsee  Glycerol). 
Oils,  fats,  arying,  286 

non-drying,  285,  472 
Olefine  acetylenes,  99 

alcohols,  130 

aldehydes,  207 

carboxylic  acids,  276,  455,  518 

glycols,  297 

haloids,  300 

ketones,  221 
Olefines,  89 

Oleic  acid,  50,  276,  285,  455 
OleTn,  252,  475 
Optical  rotatory  power,  67 
Optically  inactive  substances,  decompo- 
sition of,  68 
Orcinol,  383 

Orsellinic  erythrol  ester,  520 
Ortho-acetic  acid  derivatives,  256,  322, 

372 
acetone  ethyl  ether,  217 

methyl  ether,  217 
acids,  217 


Ortho-carbonic  acid  esters,  383, 386 
formic  acid,  217 

ester,  224,  233,  478,  4^3 
glyoxal  diethylene  ether,  321 
oxalic  acid,  434 
silicic  acid  esters,  I47 
thioformic  acid  esteis,  204,  234 
Osammes,  535,  546 
Osazone  acetyl  glyoxylic  add,  484 
Osazones,  328,  546 
Oscillation,  56 
Osmotic  pressure,  29 
Osones,  546 

tetrasones,  328 
triaxones,  328 
Oxal  acetic  acid,  491,  499,  571 
aldehyde,  320 
amidine,  438 
Oxalan,  506 
Oxalates,  227,  433 
citric  add,  571 
diacetic  add,  528 
diamidoxime,  438 
dlhydroxamic  acid,  438 
di-imide  dihydraxide,  438 
hydrazide,  436 
Oxalic  acid,  124,  260,  273,   364,  370, 

402,  432 
ester,  n8,  164,434,484 
imide,  435 
Oxalines,  321 
Oxalkyl  bases,  308 

laevulinic  ester,  528 
Oxalo  nitrile,  436 

succinic  add,  531 
Oxaltin,  509 
Oxaluricacid,  505 
Oxalyl  chloride,  434 
diacetone,  521 
.  guanidine,  506 
urea,  505 
Oxamethane,  435 
Oxamic  acid,  435 
Oxamide,  435 
Oxamidine,  271 

Oxamine  chloride  acid  ester,  435 
Oxanilide  dioxime,  238 
Oxazolon  hydroxamic  acid,  498 
Oxazomalonic  acid,  499 
Oxethyl  aceto-acetic  ester,  345 
amine,  124,  309,  356 
ethylene  sulphide,  304 
sulphone    methylene  sulphonic 

add  lactone,  305 
sulphuric  acid,  306 
trimethyl  ammonium  hydroxide, 

309 
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Ozetones,  217,478 

Oximes,   161,  206,  219,  320,  325,  367, 

371.  376,  382,  500,  535,  etc. 
Oximide  chloride  acid  ester,  435 
Oximido-acetic  acid,  367 

acetone  dicarboxylic  acid,  502 
acetonitrile  acetate,  367 
butyric  acid,  371,  376 
cyaop3rroraceiiiic  acid,  500 
dibrompyroracemic  acid,  371 
ether,  438 
glntaric  acid,  501 
malonic  acid,  486 
mesoxalyl  urea,  509,  513 
methyl  isoxazolon,  484 
propionic  acid,  367,  371,  491, 

500 
succinic  acids,  491,  500 
Oxo-glutaric  ester,  501 
malonic  ester,  498 
Oxonic  acid,  505,  512 
Oxopentamethylene,  454 
piperidine,  360 
propane,  211 
stearic  acid,  382 
succinic  acid,  499 
valeric  acid,  379 
Oxy  acetic  acid,  321,  330,  334 
acetone,  317 
acid  nitriles,  214, 349 
acrylic  acid,  362,  369 
aldehyde  ketones,  478 
aldehydes,  315,  477,  521,  535,  542 
aldehydo-carboxylic  acids,  568 
amido-glutaminic  acid  ester,  502 
butyric  acids,  337,  342 

aldehyde,  193,  316 
caproic  acid,  342 
caprolactone,  381,  481 
caprylic  acid,  342,  349,  350 
carboxylic  acids : 

dioxy-,  479,  521 
monoxy-,  329,  485,  529 
polyoxy-,  564 
tetraoxy-,  537 
trioxy-,  521,  538 
Oxycitraconic  acid,  527 
citric  acid,  539 

coumarine  carboxylic  acid,  500 
crotonic  acid  derivatives,  362 
dialkyl  acetic  acids,  337 
dimethyl  nicotinic  acid,  496 
ethylene  succinic  acid,  487 
formaldehyde,  224 
furaxan-acetic  acid,  500 

carboxylic  acid,  499,  500 
glntaric  acid,  493,  494 


Oxyhaemoglobins,  584 

isobutyl  acetic  acid,  337 

butyric  acids,  283,  337,  342,  350, 
402 

caproic  acid,  342 

caprolactone,  284,  481 

crotonic  acid,  362 
Oxy-isoctylic  acid,  342 

heptolactone,  481 

heptylic  acid,  342 

lactone,  481 

succinic  acids,  370,  486 

valeric  acid,  284,  337,  350 
Oxyisoxazole  dicarboxylic  ester,  502 
Oxyketone  carboxylic  acids,  482,   521, 

527, 571 

ketones,  317,  4781  S^i,  55' 

lactones,  481 

malonic  acid,  485 

methane  disulphonic  acid,  235 

methylene  acetic  acid,  361,  364 
acetoacetic  ester,  483 
acetone,  319 
acetyl  acetone,  478 
succinic  ester,  495,  502 
diethyl  ketone,  319 
disulphonic  acid,  204 
glutaconic  acid,  496 
malonic  ester,  494,  533 
propionic  acid,  362 
furfurol,  552 
pyromucic  acid,  235 
sulphonic  acid,  204 

myristic  acid,  338 

neurine,  3x0 

nicotinic  acid,  496 

palmitic  acid,  338 

pentinic  acid,  379 

phenyl  amidopropionic  acid,  581 
propionic  acid,  581 

propionic  acid,  335 

propyl  malonic  acid,  345 

pyroracemic  acid,  482 

aldehyde,  478 
tartaric  acid,  491 

quinaldine,  363 

stearic  acid,  338 

sulphonic  acids,  204 

tetralidine,  208,  316 

tetrinic  acid,  379,  464 

toluic  add,  484 

tricarballylic  acid,  529 
methylglutolactonic  acid,  494 

uracil,  513 

urethane,  405 

uvitic  acid,  235,  376,  483 

valeric  acids,  338,  342 
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Oxyralerolactooe,  481 

vegetable  gums,  579 
Ofokerite,  88 


Palm  fat,  252 
oil,  250 
Palmitic  acid,  92,  130,  215,  250,  286 

aldehyde,  196 

cetyl  ester,  257 

myricyl  ester,  257 
Palmitin,  252 

amidoxime,  271 
Palmitone,  215,  252 
nitrile,  268 
oxime,  220 
Pitncreas,  516,  576 

diBstase,  573 
Pangiom  edule,  228 
Papain,  587 
Paper.  579 
Parabanic  acid,  505 
Parachloralose,  550 
Paracooic  acid,  492 
Paracyanogen,  437 
Paraffin,  88 

alcohols,  117 

aldehydes,  189 

carboxylic  acids,  224, 428, 516, 

53«.  539 
ketones,  209 

Paraffins,  79,  93,  138 

Paraform,  445 

aldehyde,  194 

Paralactic  acid,  337 

Paraldehyde,  Z95,  282,  477 

Paraldinim,  206 

Paraldol,  316 

Param,  414 

Paramocic  acid,  570 

Paramylnm,  578 

Paranthracene,  75 

propyl  aldehyde,  197 

sorbic  acid,  289,  362 

tartaric  acid«  523 

xanthine,  514 
Parchment,  vegetable,  579 
Pastinica  sativa,  248,  256 
Paullinia  sorbilis,  5 1 5 
Pectine  substances,  579 
Pectinose,  536 
Pelargonamide,  265 
Petargonic  acid,  250,  284 
Pelargonium  roseum,  250 
^-^nicillium  glaucum,  68,  336,  357,  493 


Penta-acetyl  -glucono-nitrile,  535,5  50,566 
Pentachloracetone,  217 
ethane,  103 
glutaric  add,  453 
pyridine,  467 
pyrrol,  448,  463 
decane,  86 
decatoic  add,  249 
fPentadiCn],  99 
Penl^ethyl  phloroglucin,  216 
erythrite,  194,  520 
glycol,  296 
Pental,  94 

Pentallyldimethylamine,  169 
methylene,  89 

bromide,  303,  455 
derivatives,  78 
diamine,  293,  296, 313, 

360. 453 
glycol,  296 
hnide,  296,  360,  452 
oxide,  299,  360 
tetramine,  205 
methyl  phloroglucin,  216 
Tentan-alj,  196 
|Pentan-diacid],  452 
Pentan-dion] ,  322 
Pentane,  85, 138 

tetracarboxylic  ester,  532 
tricarboxylic  acid,  518 
Pentanolid,  345 
fPentanon],  216 
("Pentanon-acid],  379 
Pentantrion,  479 
Pentaoxycaproic  acids,  564 
pimelic  acid,  571 
triacontane,  86 
Pentenic  acids,  283 
fPenttne],  98 
Pentinic  acid,  379,  48a 
Pentites,  533 

space -isomcram  of,  556 
Pentosanes,  577 
Pentylene  glycol,  296 

oxide,  296,  299 
ethylene,  93 
Pepsin,  583,587 
Peptones,  584 
Perbrom-acetone,  217 
ethane,  104 
ethylene,  104 
Perchloracetaldehyde,  275 

acetic  methyl  ester,  275 
acetyl  acrylic  acid,  383,  463 
benzene,  100 

batdiCn  carboxylic  acid,  288 
butine  carboxylic  add,  288 
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Perchlorcarbonic  ethyl  ester,  388 

ethane,  100,  Z03 

ether,  135,  136 

ethylene,  105,  275 
Perchloric  ester,  147 

methane,  loo,  387 

methyl  ether,  134 

mercaptan,  393 

Sttlphthiocarbonic  methyl  ester, 

393 
vinyl  ether,  136 

iodoethylene,  105 

Perkin's  reaction,  193 

Perozid-di-isonitroso  butjrric  acid,  484 

Peiselt,  542 

sulphocyanic  acid,  422 

Petroleum,  87 

benzine,  87 

ether,  87 

Phasotropy,  54,  56 

Phenanthraquinone,  75 

Phenanthrene,  74- 

Phenol,  488,  568,  581 

carboxylic  acid,  387 

Phenyl-acetic  acid,  581 

acetol,  317 

alanine,  581 

amido-dimethyl  pyrrol,  328 

amidopropionic  acid,  581 

asparagine-anil,  460,  490 

aspartic  acid.  490 

azoimide,  458 

butidone  carboxylic  add,  363 

btttyrolactam,  360 

Phenylene-diamine,  322 

glycol -acetal,  316 

hydrazidomesoxalic  acid,  498 

hydrazine,  171 

glyoxylic  ester,  539 

lacTulinic    acid,  359, 

381 
Phenyl -hydrazino-acetic  acid,  361 

Phenyl-hydrazoline,  208 

Phenyl-hydrazone-glyoxylic  acid,  367 

mesitonic  acid,  381 

pyroracemic  acid,  371 

Phenyl -hydrazones,  161 

Phenyl-ortho-piperazone,  449 

succinimide,  449 

triazole  tricarboxylic  acid,  468 
Fhloroglucin,  217,  536 
Phorone,  214,  216,  aai,  503 
Phoronic  acid,  503 

Phosgene,  234,  244,  377,  386,  388,  389 
Phosphines,  173 
Phosphinic  acids,  173 
Phospho  acids,  175 


Phosphoric  acid  esters,  Z47 
Phosphorous  acid  esters,  147 
Phosphorus  alkyl  compounds,  173 

determination,  23 
Phthalimide  potassium,  162 
Phthalyl-amidobutyro-nitrile,  359 
glycocoll  ether,  354 
propyl  malonic  ester,  359 
Phycite,  520 
Phyllocyanine,  585 

porphyrin,  585 
Physical  isomerides,  41 

properties  of  the  carbon  com* 
pounds,  58 
Phytosterin,  588 
Picoline,  208,  473 

dicarboxylic  acid,  371 
Picric  acid,  387 
Picryl  chloride,  165 
Pimelic  acid,  444f  455 
Pimelimide,  449 
Pinacoltne,  209,  216,  296,  370 
Pinacolyl  alcohol,  129 

sulpho-urea,  409 
Pinacone,  209, 212,  296 
Pinus  larix,  577 
Piperazine,  314,  358 

salt  of  uric  acid,  511 
Piperic  acid,  525 
Piperidic  acid,  359 

Piperidine,  99,  315,  317,  360,  414,  453 
Piperidone,  360 
Piperidyl-methane,  359 
Piperylcnc,  99 

Pivalic  acid  (see  Trimethyl  acetic  acid). 
Place  isomerism,  41 
Plane-symmetric  configuration,  49 
Plasmolytic  method,  29 
Plaster,  252 
Plus  sugar,  577 

Polarization  plane,  deriation  of,  67 
Polyethylene-glycols,  295 

glycollide,  274,  339 
Polymerism,  41 
Polymerization,  93,  194,  416 
methylene  bromides,  303 
saccharides,  120,  577 
Potassium  alkyls,  184 
cyanide,  230 
isocyanate,  417 
Potato-spirit,  122 
starch,  123 
Powder,  smokeless,  474,  580 
Tropadi^n],  99 
[Propanalon],  321 
Propan-diacid],  439 
Propandiol],  295 
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'Propandiol-acid],  480 
[PropandioUlJ,  477 
'Propandiol-diacid],  497 
Propandiolon],  477 
[Propane],  84,  85 
'Propane-tricarboxylic  acid],  517 
'Propan-nitrilc],  368 
[Propanol],  125 
'Propanol  acids],  335 
'PropaDol-diacid],  485 
'Propanolon],  318 
'Propanolon  acid],  482 
'Propanon],  214 
'Proponoo-acid],  369 
'Propanon] -di-    and    triphenyl    hydra- 
zones,  479 
[Propantriol],  471 
rropargyl  alcohol,  132 

amine,  169 

ether,  136 

haloids,  143 
Propargylic  acid,  287,  468 

[Propen-acid],  280 
Propenol],  130 
topenyl-penta  carboxylic  acid,  539 
trichloride,  472 
Propeptones,  583 

[Propin-acid],  387 
Propinc],  99 
topiolic  acid,  136,  281,  387 
Propionaldoxime,  206 
Propionamide,  265 
Propione,  215 

Propionedialkyl  solphones,  218 
[Propinol],  1 32 
Propionic  acid,  74,  126,  247,  256,  280, 

387.  473  . 
Propionon-dicarboxylic  acid,  503 

Propionyl- carboxylic  acid,  370 

cyanacetic  ester,  499 

cyanide,  371 

fluoride,  258 

formamide,  370  » 

propion  aldoxime,  327 

propionic  ester,  378 

Propyl-acetylene,  97, 98 

carboxylic  acid,  288 

alcohol,  122,  125 

aldehyde,     126,    196,   209,  21 1, 

214 

phenyl -hydrazone,  207 

amidovaleric  acid,  359, 

amine,  167 

butyrolactone,  346 

chloramine,  169 

chloramylamine,  311 

dichloramine,  169 


Propylene,  91,  94,  99,  125,  472 
bromide,  363,  444 
chlorhydrin,  342 
chloride,  142,  303,  472 
diamine,  313 
glycol,  68,  295 

chlorhydrin,  301 
diacetate,  304 
haloids,  303 
oxide,  126,  214,  299 
pseudo-thio  urea,  410 
pseudo-urea,  404 
tetracarboxylic  acid,  533 
Propyl  ether,  136 
ethylene,  94 
halogenides,  140,  141 
Propylidene  acetic  acid,  283 

chloride,  201,  301 
diacetic  acid,  453 
mercaptal,  204 
mercaptan,  149 
methyleneamine,  205 
methyl  ether,  136 
nitramine,  171 
nitrolic  acid,  158 
oxalic  acid,  434 
paraconic  acid,  346,  493 
piperidine,  360 
psendonitrol,  158 
sulphide,  149 
tricarballylic  acid,  518 
valerolactam,  360 
lactone,  346 
Protagon,  476 
Protein  substances,  580 
Protocatechuic  acid,  528 
Protococcus  vulgaris,  520 
Prussic  acid,  228 
Pseudo-butylene,  89 
forms,  54 
ionone,  221 
itaconanilic  add,  492 
lutidostyril,  362,  363 

carboxylic  acid,  363 
Pseudomerism,  54 
nitrols,  157 
sulph-hydantoln,  410 
sulphocyanogen,  422 

urea,  409 
thiohydantoln,  410 
urea,  404 

uric  acid,  507,  511,513 
Ptomaines,  310,  311,  581 
Ptyalin,  573,  587 
Purin,  511 
Purpuric  acid,  510 
Putrescine,  332 
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I^cnometer,  61 
Pyrazinc,  314,  316,  319 
Pyrazole  derivatives,  4S4,  520 
Pynizoles,  320 
PyrazoUn,  208 

carboxylic  ester,  207,  279, 366 

derivatives,  458 
Pynzolon,  367 

derivatives,  363,   468,  500, 
502,  527,  531 
Pyra2so1oiiop3rrazolon,  528 

Pyridine,  74,  78, 3"5. 453»  52i»  537.  5^7 

derivatives,  268,  270,  376 
Pyridone,  363 

Pyrimidine  derivatives,  268,  270,  376 
Pyrocatechio,  527,  549 
Pjrrocinchonic  anhydride,  466 
Pyro-condensations,  74 
glutaminic  acid,  493 
mucicacid,  571 
Pyrone,  478,  538 

derivatives,  538 
PyroracemiciBcid,  369 

alcohol,  317 
aldehyde,  32 1 
hydrazone,  328 
Pyrosnlphuryl  chloride,  388 
Pyrotartaric  acid,  444,  446,  448,  449, 

450,  465 
terebic  acid,  284 

tritartaric  acid,  324,  370,  485 

Pyroxylin,  580 

tinol,  300,  315,  449,  586 

derivatives,  318,  324,  528,  529 

PyiTolidine,  314 

Pyrrolidon,  360 

Pyrrol  in,  314 

Pyrrolyiene,  lOO 

I^rruvic  acid,  369 

Pynivil,  505 


QuARTBNYLic  acid,  282 
Quercite,  439 
Quercitrine,  536 
Quick  vinegar  process,  244 
Quinicine,  524 
Quinoline,  74,  78,  566,  567 

carboxylic  acid,  371 
Quinones,  322 
Qninoxalines,  312,  322,  547 


Racemates,  524 
Racemic  acid,  523 


Radical  theory,  34 

Radicals,  17,  34,  39,  222 

Raffinose,  577 

Raoalt*s  law  of  the  depression  of  the 
freezing-point,  32 

Rape  oil,  287 

Rapinic  acid,  287 

Refractometer,  67 

Residues,  39 

Resins,  390 

Resorcinol,  383 

Retrogressive  substitution,  loi,  273,  302 

Reversion,  573 

Rhamnite,  534 

Rhamnohexite,  542 

hexonic  acid,  564 
hexose,  551 

Rhamnonic  acid,  537 

Rhamnose,  53O 

carboxylic  acid,  567 

Rhodinol,  132 

Rhubarb,  487 

Ribonic  acid,  537 

Ribose,  536 

RicinelaTdic  acid,  287 

Ricinoleic  acid,  286 

Ricinstearolic  acid,  287 

King-shaped  bodies,  78,  195,  218,  268, 
27o»  298,  314,  324,*326,  328,  334, 
338*  353»  358,  360,  366,  400,  413, 
419,  446,  448,  454,  456,  483,  496, 

532,  539 
Roccellic  acid,  455 

Rocella  montaguei,  520 

tinctoria,  455 

Roman  oil  of  cumin,  283 

Rotatory  power,  magnetic  optical,  69 

Rum,  122 

artificial,  227,  256 

Ruta  graveolens  ,216 


S 
S  =  SymmetrlcaL 

Saccharates,  574,  575 
Saccharic  acid,  537 
Saccharimeter,  575 
Saccharin,  537 
Saccharobioses,  1 21,  57a 
Saccharomyces  cerevisiae  sen  vini,  120 
Saccharon,  538 
Saccharonic  acid,  538 
Saccharotrioses,  577 
Saccharum  officinarum,  573 
Salicin,  543 
Salicylic  acid,  385,  455 
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Salicylide-chlorofomi,  234 

Saliva,  576,  587 

Salt  of  sorrel,  433 

SaponificatioD,  137,  239,  252,  255,  264, 

472,  517 
Sarcine,  516 

Sarcosine,  355 

anhydride,  358 

SchiflTs  bases,  350 

Schizomyces,  122 

Schweiofurt  green,  246 

Sebacic  acid,  286,  455 

Secalose,  552 

Seignette  sail,  525  * 

Selenium  alkyl  deriTatives,'i54 

Semicarbazides,  399,  405 

Semtnose,  548 

Senegal  gum,  578 

Serecine,  481 

Serin,  481 

Serum  albumin,  583 

globulin,  583 

Silicon  alkyl  derivatives,  180 

nonane,  180 
Silicononyl  alcohol,  181 
Silicopropiontc  acid,  1 81 
Silver  cyanide,  231 
Sinamine,  426 
Sinaptn,  309 
Sincalin,  309 
Skatol,  581 

acetic  acid,  581 

carboxylic  Wd,  581 
Sliwowitz,  122 
Soaps,  137,  239,  252.  472 
Sodium  acetoacetic  ester,  374,  377,  458 

ethylate,  124,  374 

formate,  1 18 

glycollate,  295 

malonic  ester,  44I,  458 

press,  374 
Sorbic  acid,  289 
Sorbin  oil,  362 
Sorbinose,  552 
Sorbite,  541,  1 20 
Sorbitol,  120,  541 
Sorbose,  552 
Sorbus  ancuparia,  289 
Sorghum  saccharatum,  573 
Spacial  chemistry,  44 
Specific  gravity,  59 

rotary  power,  69 
Spermaceti,  257 
Sprit,  123 
Stachyose,  577 
Starch.  121,  247,  577 

gumi  578 


Starch,  sugar,  548 

varieties,  577 
Stearic  acid,  84,  216,  249,  950,  265, 

455 
aldehyde,  196 

amidoxime,  271 

Stearin,  252,  475 

candles,  252 

Stearolic  acid,  288 

Stearone,  216 

Stearonoxime,  220 

Stearoxylic  acid,  a88,  484 

Stereo-chemistry  of  carbon,  45,  49 

of  nitrogen,  51 

Stibines,  1 79 

Structure,  37 

theory.  37,  43 

StufTer's  law,  305 

Suberene,  89 

Suberic  add,  455 

Suberone,  455 

Succin-aldehyd-dioxime,  327 

amic  acid,  448 

amide,  447,  449 

anil,  449 

anilic  acid,  448 

Succinates,  443 

Succin-bromimide,  448 

ethylamic  acid,  448 

ethyl  ester  chloride,  446 

haloidimide,  448 

hydrazide,  449 

Succinic  add,  75,  77,  443,  465 

esters,  444,  531 

ethylene  ester,  444 

imide,  448 

imidoxime,  450 

methylimide,  38Z 

Succino-nitrile,  449 

Succino- succinic  ester,  444 

Succinphenyl-hydrazide,  449 

Succinyl*  chloride,  446 

ethylene-diamide,  449 

hydroxamic  acid,  450 

peroxide,  447,  449 

Sugar-cane,  573 

bc€t,  573 

Sulphamic  adds,  Z70 

Sulphan^ides,  170 

Sttlphamido-barbituric  acid,  509 

valeric  acid,  359 

Sulphinates,  cyclic,  347 

Sulphine  compounds,  150 

Sulphinic  adds^  153 

Sttlpho-acetic  acid,  306 

carbamic  acid,  406 

carbonic  acid,  389, 391 
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Solpho-cyanacetic  add,  423 
qranacetone,  423 
cyanate  of  potassium,  230,  422 
qran  groap,  421 

hydride,  422 
cyanic  acid,  422 
cyanide  of  ammooiiim,  422 
of  mercury,  422 
of  potassium,  422 
cyanuric  acid,  425 
diethylamine,  165  ^ 
SulpHonal,  215,  az8 
Sulphone<-diacetic  acid,  348 

dipropionic  acid,  348 
Sniphones,  151,  202,  218 
Sulphonic  acids,  152 
Sulphonium  con^unds,  150 
succinic  acid,  489 
urea,  407 
Sulphoxides,  151 

thiocarbonic  acid,  389,  391 
uranes,  305 
Sulphur  determination,  23 

ether,  134 
Sulphuric  ester,  144 
Sulphurous  esters,  146 
Sniphuryl-diethylamine,  165 
Sulphydrates,  148 
Sunlight,  action  of,  74,  445 
Synaptase,  573,  587 
Synthesis,  81 
Synthetic  methods,  81 
Syntonins,  583,  584 


Taute,  541 

Tallow  varieties,  250,  475 
Talo-mucic  acid,  564,  571 
Talonic  acid,  567 
Talose,  551 
Tannins,  543 
Tar  oils,  92 

Tartaric  acids,  44,  48,  69,  75,  214,  520, 

521,  563,  570 
configuration  of,  563 
Tartrates,  525 
Tartrazine,  528 
Tartronic  acid,  473,  485,  525 
Tartronyl  urea,  506 
Taurine,  306,  311 
Taurobetalne,  307 

carbamic  acid,  307,  401 

cholic  acid,  306,  587 
Tantomerism,  54 

▼irtual,  56 


Tellurium  alkyls,  154 
Teraconic  acid,  466 
Teracrylic  acid,  284 
Terebic  acid,  284,  346, 466,  493 
Terpentine  oil,  67,  466,  493 
Terpenylic  acid,  284,  493 
Tertiaiy-butyl  alcohol,  126 
carbinol,  128 
methyl  ketone,  120,  209, 
az6 
Tetra-acetylene  dicarbozylic  add,  468 
ethane,  521 
alkyl  ammonium  bases,  168 

tetrazones,  172 
amide  carbon,  384 
bromdiacetyl,  322 
ethane,  Z04 
formalazine,  415 
methane,  102,  384,  387 
chlor  acetone,  Z25,  2x6 
diacetyl,  322 
diketo-adipic  acid,  528 
ethane,  103 
ethylene,  105 
glutaconic  acid,  467 
methane  (see  Carbon  tetra- 
chloride), 
phenyl  pyrrol,  449,  464 
Tetracosane,  84,  86 
decane,  86 
ethyl  acetone,  2x5 

ammonium  compounds,  x68 
arsonium  compounds,  1 79 
ethylium  compounds,  168 
ethyl-oxalic  acid,  434 

phosphonium     compounds, 

174 
stibonium  compounds,  179 

tetrazone,  X72 

urea,  399 

fluor-methane,  102,  383,  386 

hydro-carvone,  382 

furfurane,  299,  360 

naphthalene  tetracarboxylic 

ester,  53  X 

picoline,  3x8 

pyridine,  317 

pyrrol,  99,  3x4,  360 

iodo-ethylene,  106 

methane,  X02,  383, 387 

methyl  acetone,  215 

alloxantin,  510 

ammonium  compounds ,  1 68 

arsonium  compounds,  179 

diamidobenzophenone,  389 

ethylene,  92,  94 

glycol,  296 
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Tetnunethyl  ethylene  lactic  acid,  342 

nitrosrl  chloride, 

308 
^        oxide,  209,  396, 

399 

sulphocaibamide, 
409 
glycol,  209 
methane,  85 
methylene  diamine,  205 
phosphonium   compounds, 

175 
pyrazine,  381 

stibonium  compounds,  1 79 

succinic  acid,  446 

Tetnunethylene,  89 

bromide,  303 

carboxylic  acids,   379, 

456,  53a 
deriTatives,  78 
diamine,  3x3,  360 
glycol,  896,  360 
imide,  3x4,  360 
nitrosamine,  315 
oxide,  399,  360 
methylium  compounds,  168 
nttromethane,  159,  383,  387 
oxyadipic  acids,  569 
valeric  acids,  537 
Tetrinic  acid,  317,  379,  4^2 
Tetrolic  acid,  277,  282,  288 
Tetronal,  2X8 
Tetronic  acid,  482 
Tetrose,  315, 530,  534 
Thallium  alkyl  compounds,  186 
Thelne,  166,  504,  515 
Theobroma  cacao,  514 
bromic  acid,  251 
bromine,  504,514 

phylline,  504.  5  «4,  S^^S 
Theory,  dualistic,  34 

electro-chemical,  34 
structural,  37 
types,  34,  260,  274 
valence,  37 
Thermometer,  62 
Thetines,  348 
Thiacetamide,  269 
Thiacetic  acid,  26X 
Thialdin,  203 
Thiamides,  223,  269 
Thiazoles,  269,  410,  423 
Thio-acetaldehyde,  203 
acetals,  204 
acetic  acid,  362,  410 
acids,  261 
alcohols,  X48 


Thioaldehydes,  203 
benzophenone,  393 
carbamic  acid,  406 
carbonic  acid,  389,  390 
carbonyl  chloride,  392 
cyanacetic  acid,  423 
Thiocyanic  acid,  422 

ester,  391,  433,  426 
Thiocyanuric  acid,  425 
Thiodialkylamines,  X70 
dibutyric  acid,  347 
diethylamine,  X70 
diglycol,  304 
diglycollic  acid,  347 
dilactylic  acid,  347 
ethers,  149 
ethylamine,  311 
ethylimide,  232 
formaldehyde,  214,  424 
glycollic  acid,  347 
hydantoTn,  347,  4x0 
ketones,  2 12 
[Thiol  acids],  261 
Thiolactic  aad,  347 
I'hiomethane,  407 
Thion  acids,  261 
Thionamic  acids,  170 

carbonic  acid,  389,  391 
carbon -thiol  acids,  391 
rrhionthiol  acids],  261 
Thionuric  acid,  509 
Thionylamines,  165,  xyo 
Thionylchloride,  165 

dialkylamines,  170 
diethylamine,  165,  170 

hydrazine,  172 
ethylamine,  165 
tetra-alkyl  diamines,  170 
Thiophene,  74,  78,  300,  447 

carboxylic  acid,  571 
compounds,  324 
phosgene,  390,  393 
propionamide,  269 
pseudouric  acid,  508 
semicarbazide,  4x0 
Thiosinamine,  409 
Thio-sulphuric  acids,  153 
tetra-alkyl  diamines,  170 
tolene,  380 
uramil,  507 
urethanes,  407 
Tiglic  acid,  50,  383 

aldehyde,  208 
Tin  alkyls,  x8l 
Tolane  dibromides,  50 
dichlorides,  50 
Toluene,  73 
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Total  reflectometer,  67 
Toxalbamins,  581 
Toxines,  581 
Trans,  5 1 
Trehalose,  576 
TriaceUmide,  265 

acedn,  475 

acetonamine,  219 

acetonine,  219 

acetylbenzene,  319 

amidopheool,  217 

amioopropane,  477 

azo-acetic  acid,  367 

azole,  228 

azo-trimethylene    tricarboxylic    acid, 

367 
Tribrom  acetic  acid,  275 

acrylic  acid,  281 

aldehyde,  198 

benzene,  106 

butyric  acid,  276 

ethidene  glycol,  198 

hydrin,  474 

lactic  acid,  340,  349 

methyl  kelol,  482 

pyroracemic  acid,  235,  370 

succinic  acid,  452 

Tributyrin,  475 

carballylic  acid,  517 

carbamidic  acid,  403 

carbimide  ester,  420 

chloracetal,  200 

aldehyde,  197 

Trichloracetic  acid,  198,  274 

Trichloraceto-acrylic  acid,  382 

Trichloracetyl  chloride,  275 

tetrachlorcrotonic    acid, 

221 

trichlorcrotonic  acid,  383 

Trichlorecrylic  acid,  281 

amide,  510 

butyl-alcohol,  126,  569 

butyraldehyde,  199,  340 

butyric  acid,  276 

ethane,  Z03,  316 

ether,  135 

ethidene  methane,  395 

ethyl  alcohol,  124,  569 

hydracetyl  acetone,  213,  318 

hydrin,  474 

isopropyl  alcohol,  125 

lactic  add,  340,  485 

trichlor     ethidene      ether 

ester,  198,  340 

methane  (see  Chloroform). 

methyl  paraconic  acid,  492,  530 

sulphuric  acid,  393 


Trichloroxybutyric  acid,  487 
phenomalic  acid,  382 
propane,  474 
pyroracemic  acid,  370 
valerolactinic  acid,  341,  350 
Tricosane,  86 
cyanic  acid,  419 
cyanogen  diloride,  421 
decane,  86 

decylic  acid,  249,  265,  268 
diethylamine-phosphinic  oxide,  165 
ethidene disulphonesolphide,  203 

trisulphone,  203 
ethoxyacetonitrile,  437 
ethylamine,  z68,  172 

oxide,  17a,  178 
arsine  compounds,  178 
borine,  180 
Triethylene  glycol,  295 
Triethylguanidine,  412 

hydroxylamine,  172 
Triethylin,  476 

isomelamide,  428 
melamine,  428 
methane,  85 
phloroglucin,  259 
phosphine  compounds,  174,  178 
silicon  compounds,  181 
stibine  compounds,  179 
sulphine  iodide,  150 
thio-urea,  409 
urea,  399 
Triformoxime,  206 

glycolamidic  acid,  356,  403 
halose,  576 
hydrocyanic  acid,  231 
iodo-acetic  acid,  235,  275 

benzene,  106 
isoamylene,  93 

butyric  acid,  52Z 
ketovaleric  acid,  521 
Trimesic  ester,  361 
Trimethine  triazimide,  367 
Trimethyl  acetaldehyde,  196 

acetic    acid,   128,   246,   249, 

259.  265,  268 
amine,  164,  167 
arsine  compounds,  178 
benzene,  98 
borine,  180 
carbinol.  III,  126 
dihydro  hydridin-dicarboxylic 

ester,  206 
ethylene,  93 

oxide,  299 
glutaric  acid,  454 
glycocoU  (see  Betalne),  310 
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Trimethjl  isomelamme,  428 
melmmine,  428 
methane,  85 

phoiphine  compoundSy  Z74 
pjmxoline,  220 
pyxoracemic  acid*   2Z2,  216, 

337,  370 
itibine  deriTatiTety  Z79 
succinic  acid,  446 
snlphine  compounds,  15 1 
tricarballylic  acid,  518 
rmjX  ammonium   hydroxide, 

169,309 
xanthine,  515 
Trimethylene,  89 

bromide,  Z02,  302,  303, 

452.  53« 
carboxylic  adds,  279, 367, 
456. 458, 464,  486, 518, 

53a 
chloride,  303 

chlorobromide,  276 

c]ranide,  293 

derivatives,  78 

diamine,  313 

dicarboxylic  acid,  456 

dimalonic  acid,  456 

dipbthalimide,  312 

disulphone,  305 

disulpbide,  203 

glycol,  295 

chlorhydrin,  301 
diacetate,  304 

haloids,  303 

imide,  314 

iodide,  303 

oxide,  214,  299 

triamine,  206 

trisulphone,  203 

urea,  400 
Trimyristin,  475 
Trinitrophenol,  387 
Trinitroacetonitrile,  235,  437 
Trinitrobenzene,  477 
Trinitromethane,  235 
Triolein,  475 
Trional,  218 
Trioses,  477,  534 
Trioxethylamine,  308 

imidopropane,  479 
Trioxoheptan,  479 
Trioxyadipic  acid,  538 
butyric  acid,  521 
glutaric  acid,  538,  563 
methylene,  194,  200,  552 
Tripalmitin,  475 
saccharides,  577 


Trtsodium-phloroglucin-tricarboxjlic 
ter,  440 
stearin,  475 
sulphone  acetone,  218 
thio-acetaldehyde,  203 
acetone,  218 
carbonic  acid,  389,  392 
cyannric  ester,  427,  428 
formaldehyde,  203 
ketones,  203,  ax8 
Trypsm,  583 
Turanose,  576 
Types,  chemical,  34 
mechanical,  35 
mixed,  36 
princioal,  35 
secondary,  36 
Tyrosin,  69,  581,  586 


U 

Undbcani,  86 
Undecanonic  add,  382 
Undecolic  acid,  284,  288,  382 
Undecylenic  add,  284,  286,  48 1 
Undecylic  add,  249,  250 
Ur-acids,  505 
Uracyl,  505 

Uramido-crotonic  ester,  513 
Uramil,  507,  513 
Uraxole,  405 
Urea,  396 

alkylic,  398 

chlorides,  395 
Ureldes,  400,  505 
Ureo-ethane,  399 
Urethane  acetic  acid,  395 
Urethanes,  394.  403 
Uric  acid,  5x0,  511 

sjmthesis  of,  513 
Urobutyrchloralic  acid,  199,  569 
Urochloralic  acid,  198,  569 
Uroxanic  acid,  512 
Uvic  add,  370 
Uvitic  acid,  370 
Uvitonic  acid,  371 


Valknck,  36 
Valeraldehyde,  196 
Valeriana  officinalis,  248 
Valeric  acid,  248,  256,  265,  268 
Valeroln,  317 
Valero-lactam,  360 

lactone,  344,  345 

carboxylic  acid,  494 
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Valeryl  thiocarbimide,  425 

Valcrylene,  98 

Vapor  density,  determination  of,  27 

Vaporimeter,  123 

Vapor  pressure,  lowering  of,  30 

Vaselines,  88 

Vegetable  albumin.  583 

g«m.  579 
Vicia  faba  minor.  509 

sativa,  509 
Vinaconic  acid,  486 
Vinol  130 
Vinyl  alcohol,  53,  130 

form,  319 

amine,  169 

bromide,  95,  105 

chloride,  105 

cyanide,  280 

diacetonamine,  2x9 

ether,  136 

ethyl  ether,  1 36 ;  of  ethylene  mer- 
captan,  304 

sulphide,  149 

trimethyl  ammonium    hydroxide, 
169,309 
Violuric  acid,  509 
Vital  force,  17 
Vitellin,  583 
Volemite,  542 
Vulcanization  of  caoutchouc,  390 


W 


Waxes.  130,  251,  256 

AVeiss  beer,  122 

Wine,  122 

spirit,  118 
vinegar,  244 


Wood  gum.  579 
spirit,  117 

sugar,  536 

vinegar,  manufacture,  245 
Wool  fat,  588 
Wurtz's  reaction,  84,  92 


Xanthane  hydride,  422 
Xanthic  disulphide,  392 
Xanthine,  513,  514 
Xanthochelidonfc  acid,  538 
Xanthogenamic  acid,  406 
Xanthogenamides,  406 
Xanthogenic  acids,  390,  391 
Xanthoproteic  reaction,  582 

rhamnine.  536 
Xeronic  acid,  466 
Xylite,  534 
Xylonic  acid,  537 
Xyloquinone,  322 
Xylose,  536 

Xylotrioxyglutaric  acid,  537 
Xylylene  bromide,  531 


Yellow  prussiate  of  potash,  232 


Zinc  alkyls,  184 

syntheses,  82,  92,  114,  210, 

244»  259 
chloride,  92,  138 
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Montgomery's  Gynecology 


New  Edition— Just  Ready 


A  modern  comprehensiTe  Text-Book.  By  Edward  E. 
Montgomery,  m.d.,  Professor  of  Gynecology  in  Jefferson 
Medical  College,  Philadelphia ;  Gynecologist  to  the  Jefferson 
and  St.  Joseph's  Hospitals,  etc.  Second  Edition,  Revised 
and  Enlarged.  539  Illustrations,  many  of  which  are  from 
original  sources.     Octavo.       Cloth,  ^5.00;  Leather,  $6.00 

%*  This  is  a  systematic  modem  treatise  on  Diseases  of 
Women.  The  author's  aim  has  been  to  produce  a  book 
that  will  be  thorough  and  practical  in  every  particular.  The 
illustrations,  nearly  all  of  which  are  from  original  sources, 
have  for  the  most  part  been  drawn  by  special  artists  who» 
for  a  number  of  months,  devoted  their  sole  attention  to  this 
work.     The  present  edition  has  been  thoroughly  revised. 

"  The  book  it  one  that  can  be  recorameoded  to  the  student,  to 
the  general  practitioner — who  must  aomedmes  be  a  gynecologist  to 
a  certain  extent  whether  he  will  or  not— and  to  the  specialist,  as  aa 
ideal  and  in  every  way  complete  work  on  the  gynecoloey  of 
to-day~a  practical  work  for  practical  workers.** — HU  /our* 
nai  0/ tk*  AmerieAM  Medical  AtsteiatMn. 

Byfofd's  Gynecology 

Third  Revised  Edition 
A  MANUAL  FOR.  STVDENTS  AND  PHYSICIANS 


By  Henry  T.  By  ford,  m.d.,  Professor  of  Gynecology  and 
Clinical  Gynecology  in  the  College  of  Physicians  and  Sur- 
geons of  Chicago;  Pkofessor  of  Clinical  Gynecology, 
Women's  Medical  School  of  Northvrestem  University,  and 
in  Post-Graduate  Medical  School,  etc.  Third  Edition,  En- 
larged. 363  Illustrations,  many  of  vrhich  are  from  original 
drawings  and  several  of  which  are  Colored.     i2mo. 

Cloth,  ^3.00 

**  As  a  book  to  help  the  student  to  quickly  review  what  ought 
to  be  gotten  up,  so  as  to  oe  prepared  for  the  early  examination,  it  is  of 
great  service.  Such  a  book  would  also  make  a  most  excellent  text- 
book for  the  college  class  room." ^Virgimia  Medical  Stmi-Momtkiy, 
Richmond. 
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By  JAMES  TYSON.  M.D^ 

ProfeMor  of  Medicine,  University  of  PennsylYsnln* 
Physidaii  to  tiie  Penneylvnnia  Hospltalf  «tc. 


The  Practice  of  Medicine.        Third  Edition. 

A  Text- Book  for  Physicians  and  Students,  with  Special  Ref- 
erence to  Diagnosis  and  Treatment.  With  Colored  Plates 
and  many  other  Illustrations.  Third  Edition,  Revised  and 
Enlarged.     134  Illustrations.     8vo.     1240  pages. 

Cloth,  $5.50;  Leather,  $6.50 

*^*  This  edition  has  been  entirely  reset  from  new  type. 
The  author  has  revised  it  carefully  and  thoroughly,  and 
added  much  new  material  and  new  illustrations. 

"  We  are  firmly  convinced  that  at  the  present  time  Dr.  Tyson's 
book  on  Practice  can  be  most  heartily  commended  to  both  the  practi- 
tioner and  student  as  a  sale,  reliable,  and  thoroughly  up-to-date  guide 
in  the  practice  of  medicine."— 7%#  T/ura^tuiic  GasttU. 

"  The  clinical  descriptions  are  clear  and  full,  and  the  methods  of 
treatment  described  are  those  generally  recognised  as  being  the  most 
modem  and  satisfactory." — 7X#  JUmdan  Lamcei, 

Guide  to  the  Examination  of  Vrine.    Tenth 

Edition. 

For  the  Use  of  Physicians  and  Students.  With  Colored 
Plate  and  Numerous  Illustrations  Engraved  on  Wood. 
Tenth  Edition,  Revised,  Enlarged,  and  in  many  parts  entirely 
rewritten.  Cloth,  ^1.50 

*^*  A  French  tramlcUion  of  this  book  has  been  pub- 
lished in  Paris, 

"  The  book  is  probably  more  widely  and  generally  known  and  ap- 
preciated than  any  of  its  similars  in  subject  and  scope." — Nrw  York 
Mtdicai  Journal. 

**  The  book  is  a  reliable  one,  and  should  find  a  place  in  the  library 
of  every  practitioner  and  student  of  medicine." — Bosiom  Medical  and 
Surgical  Journal. 

HcLndbook  of  PhyslccLl  DlCLgnosis.    Fourth 

Edition. 

Revised  and  Enlarged.     With  two  Colored  Plates  and  55 

other  Illustrations.     298  pages.     l2mo.  Cloth,  ^1.50 

*'  Like  everything  else  emanating  from  this  distinguished  author 
this  little  book  is  replete  with  practical  information  from  beginning  to 
end."— TiW  Chicago  Medical  Recorder. 

'*  The  author  approaches  his  subject  from  a  practical  point  of 
view  and  the  little  work  will  prove  a  good  friend  to  the  student."—' 
7*Atf  American  Journal  0/  the  Medical  Sciencee* 
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NEW  THIRD  EDITION— NO  V  READY 

Morris^  Anatomy 

Rewiitttfi — ^Re¥iie(l~~~Iiiiprov€(l 
VTTH  MANY  NEV  ILLUSTRATIONS 


Oat  of  I02  of  the  leading  medical  schools  60  recommend 
**  Morris."  It  contains  many  features  of  special  adTantage 
to  students.  It  is  modem,  up-to-date  in  ererj  respect.  It 
has  been  carefullj  revised,  the  articles  on  Osteology  and 
Nervous  Sjrstem  having  been  rewritten.  Each  copy  con* 
taina  the  colored  illustrationa  and  a  Thumb  Index. 


OcUvo.    With  846  lllastratlons,  of  which  267  m 

printed  In  colon. 

CLOTH.  $6.00 1   LEATHER.  S7.00 


"  The  ever-growing  popularity  of  the  book  with  teachers  and  stn- 
dents  is  an  index  of  its  value,  and  it  may  safely  be  recommended  to  all 
interested."— From  71kg  M^dicml  Rgfrd,  New  York. 

"  Of  all  the  text-books  of  moderate  site  on  human  anatomy  in  the 
En^^lsh  language,  Morris  is  undoubtedly  the  most  up-to-date  and  accu- 
rate."— From  dht  PkHmdei^kia  Medicmi /purmU. 


McMurrich — Embryology 

THE  DEVELOPMENT  OF  THE  HUMAN  BODY 

With  270  Ulustratioos 

A  Text-Book  for  Medical  Students.  By  J.  Playfair 
McMurrich,  Professor  of  Anatomy,  Medical  Department, 
UniTersity  of  Michigan.     527  pages.  Qoth,  $3.00 


NnrrH  edition 


POTTER'S  MATERIA  MEDICA, 
PHARMACY,  AND  THERAPEUTICS 


An  Ezhatistive  Handbook 


Including  the  Action  of  Medicines,  Special  Therapeutics  of 
Disease,  Official  and  Practical  Pharmacy,  and  Minute  Direc- 
tions for  Prescription  Writing,  etc.  Including  over  650 
Prescriptions  and  Formulae.  By  Samuel  O.  L.  Potter, 
M.A.,  M.D.,  M.R.C.P.  (Lond.),  formerly  Professor  of  the 
Principles  and  Practice  of  Medicine,  G>oper  Medical  Col- 
lege, San  Francisco;  Major  and  Brigade  Surgeon,  U.  S. 
Vol.  Ninth  Edition,  Revised  and  Enlarged.  8vo. 
With  Thumb  Index  in  each  copy. 

Cloth,  I5.00 ;  Leather,  ^6.00 

%*This  is  the  most  complete  and  trustworthy  book 
for  the  use  of  students  and  physicians.  Students  who  pur- 
chase it  will  6nd  it  to  contain  a  vast  deal  of  ioformation  not 
in  the  usual  text-books  arranged  in  the  most  practical  man- 
ner for  facilitating  study  and  reference.  It  'cannot  be  sur- 
passed as  a  physician's  working  book. 

WHITE  AND  WILODX.    Materia  Mcdica, 

Phannacy^  PharmacoIogT't  ^^^  Thera- 
peutics*   Fifth  Edition* 

A  Handbook  for  Students.  By  W.  Hale  White,  m.d., 
F.R.C.P.,  etc.,  Physician  to,  and  Lecturer  on  Materia 
Medica  and  Therapeutics  at,  Guy's  Hospital,  etc.  Fifth 
American  Edition,  Revised  by  Reynold  W.  Wilcox, 
M.  A.,  M.D. ,  LL.D. ,  Professor  of  Clinical  Medicine  and  Thera- 
peutics at  the  New  York  Post-Graduate  Medical  School  and 
Hospital ;  Visiting  Physician,  St.  Mark's  Hospital ;  Assist- 
ant Visiting  Physician,  Bellevue  Hospital.     i2mo. 

Cloth,  $3.00  ;  Leather,  I3.50 


SUBJECT  INDEX. 

Qonld'a  Medical  Dktlonariet, 
Morris'  Anatomy,     -      -      -      - 
Compends  for  Stodenta.  -       •      > 


Bri«ht'a  DuuM 

Chamutiy.     Phrnea    . 
Cbildno,  Dtmtan  et. . 

CliuiHl  CEuiaii!^!'! 
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PhanoM. 31 
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Phyi.olngy 3a 
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SUBJECT  CATALOQUB  OF  MEDICAL  BOOKS.        7 

SPECIAL  IHOTB.— The  prioM  gfren  in  tbii  eatalociM  mn 
iwt;  no  <Uaooiint  ean  be  allowed  retail  purohaaen  under  any  oon- 
aideration.  This  rule  haa  been  eatabliabed  in  order  that  everyone 
will  be  treated  alike,  a  general  reduction  in  former  prieee  harins 
been  made  to  meet  previous  setail  diaoounta.  Upon  reoeipt  ca 
the  advertieed  prioe  any  book  wUl  be  forwarded  by  ouul  or 
expreee,  aU  ehargea  prepaid. 


ANATOMY.    EMBRYOLOGY. 

MORRIS.  Text-Book  of  Anatomy.  Third  Revised  and  Enlarged 
Edition.  846  Illustrationa,  267  of  which  are  printed  in  eolors. 
Thumb  IfuUx  in  Each  Copy.  Goth,  $6.00 ;  Leather,  97.00 

"The  ever-crowing  popularity  of  the  book  with  teaohera  and 
students  is  an  index  of  its  value." — Medical  Record,  iVsw  York, 

BROOMBLL.  Anatomy  and  Histology  of  the  Human  Mouth 
and  Teeth.    2d  Edition,  Enlarged.    337  lUus.     Qoth,  $4.fi0 

DAVISON.  Mammalian  Anatomy.  With  Special  Reference 
to  the  Gat.     108  lUustrations.  91.fiO 

DBAVBR.  Surgical  Anatomy.  A  Treatise  on  Anatomy  in  its 
Application  to  Medicine  and  Surgery.  With  490  very  hand- 
some full-page  Illustrations  Enfcraved  from  Original  Drawings 
made  by  special  Artists  from  diBsections  prepared  for  the  pur- 
poee.     Three  vols.     By  8ub§erifHon  only. 

Half  Morocco  or  Sheep,  830.00;  Half  Russia,  833.00 

OORDimBR.  Anatomy  of  the  Central  Bervous  System.  With 
271  Illustrations,  many  of  which  are  original.      Cloth,  86.00 

HBATH.    Practical  Anatomy.    0th  Edition.    321  lUus.      84.25 

HOLDBN.    Anatomy.    A  Manual  of  Dissections.    Revised  by  A. 
HnwaoN,  M.n..  Demonstrator  of  Anatomy,  JeflFerson  Medical 
College.  I^hiladelphia.    320  handsome  Illustrations.    7th  Ed. 
In  two  compact  12mo  rolumee.    850  pages.    Large  New  Type. 
Vol.  I.  Soalp~Faoe--Orbit—Neck--Tliroat— Thorax—Up- 
per Extremity.  81.50 
Vol.  II.  Abdomen — Perineum — Lower  Extremity — ^Brain — 
Eye — ^Ear — Mammary  Gland — Scrotum — ^Tsstee. 

81.50 

HOLDBN.  Human  Osteology.  Comprising  a  Deeoription  of  the 
Bones,  with  Colored  Delineations  of  the  Attachments  of  the 
Muscles.  The  Qencral  and  Microscopical  Structure  of  B«Hie 
and  its  Development.  With  Lithographio  Plates  and  numer- 
ous Illustrations.    8th  Edition.  85.25 

HOLDBN.    Landmarks*  Medical  and  SurgieaL    4th  Ed.  .75 

HUGHES  AND  KEITH.  Dissections.  With  527  Colored  Plates 
and  other  Illustrations.     In  three  parts. 

I,  Upper  and  Lower  Extremity.  83.00 

II.  Abdomen— Thorax.  83.00 

III,  Head—Neck— Central  Nervous  System.  83.00 

LAZARUS-BARLOW.  Pathological  Anatomy.  21  Plates  and 
171  other  Illustrations.  86.50 

McMURRICH.  Bmbryology.  The  Development  of  the  Human 
Body.     276  Illustrations.  88.00 

8-28-04 


SUBJECT  OATAIXXZU& 


MARSHALL.  FkTiloloclcal  Dlagnma.  Bbrwi  UU-mm 
Oolond  DiacnuM  (Moh  nrm  f«M  by  thiM  f«M  ■•▼•■  inehw). 
Hwigntrt  for  Dsmonstrntioii  btfora  tht  CUas. 

Ib  Bbwto,  UnmountMl,  U0.00;  Baclwd  with  Madia  and 
MovBtad  oa  RoUara,  fflO.0O:  Ditto,  Bprinc  RoUen,  in  hand- 
aoma  Walnut  WaU  Map  Oaaa,  9100.00;  Sini^  PUtaa  Shaeta. 
$A.OO;  MouBtad,  97.M.     Explanatory  Kay.  JO,    PunkoMr 

MSMOT.  Laboratory  Taxt-^ilook  of  Bnbryoloffy.  216  Illiwtm- 
ttona.  t4.60 

POTTXR.  CoiBpand  of  Anatomy,  Inolvdinc  Vlaearal  Anatomy. 
7th  Bdition.  Rariaad  and  Enlartad.  Nnmeroua  Tablaa,  10 
Plataa  and  188  othar  Dluatmtiona.      81.00 ;  Intarlaavad,  81.26 

TOMES.    Dantal  Anatomy.    6th  Edition.  InPrm: 

WILSOH.    Anatomy.    11th  Edition.   420  IIIih.,  20  PUtaa.   8&00 

TUTZT.  Ovida  to  tha  Dlaaaction  of  tha  Human  Body.  Baaad 
on  Morria'  Anatomy.  Papar  CoTer.  .26 

BACTERIOLOGY. 

OOm.  AtzioUtoral  Bactariolocy.  Inoludinc  tha  Study  of 
Baatarin  aa  ralatinf  to  Acricultura,  Soil,  I>airy  and  Food 
Produeta,  Sawaca,  Domaatio  Animala,  ato.    Dluatratad.   82.60 

OORH.  Bactaria  in  Milk  and  Ita  Prodncta.  Dericnad  for 
Studanta  of  Daityinc  Boarda  of  Haalth.  Baatariolociata,  ato. 
niuatratad.  81.26 

SMBRT.  Bactariological  DiagnoiiB.  2  Coloiad  Plataa  and  32 
othar  niuatrationa.  81.60 

HBWLBTT.  Manual  of  Bactariology.  76  Illuatrationa.  Saoond 
Bdition,  RaYiaad  and  £nlai«ad.  84.00 

HEWLETT.  Samm-TherapT.  Bactariologioal  Tharapautiea 
and  Vaooinaa.     Ulustrataa.  81.76 

SMITH.  LaboratoiT  Ezarcitaa  In  Bactariolofy.  A  Handbook 
for  Studanta.     Illuatratad.  81.60 

WHXIAM&  Bactariology.  A  Manual  for  Studanta.  09  Illua- 
trationa.   8d  Edition,  Rariaad.  81.60 

BLOOD,  Examinatioii  of. 

DA  COSTA.  CUnical  HamatoloKy.  A  Praotaeal  Ouida  to  tha 
Examination  of  tha  Blood,  with  Raferenca  to  Diagnooia.  Six 
Oolorad  Plataa  and  48  othar  lUua.      Qoth.  86.00  rShaap,  88.00 

BRASf  Am)  INSANITY  (see  also 
Neryous  Diseases.) 

BARR.    Mantal  DafectlTea.    Illustrated.  In  Preu, 

BLACKBURH.  A  Manual  of  Autopaiaa.  Daaignad  for  tha  Uaa 
of  Hoapitala  for  tha  Inaana. '  Illuatratad.  81.26 

CHASE.  .Ganaral  Paraaia.    Illuatratad.  81.76 

DERCUM.  Mantal  Tharapautiea.  Raat»  Suggaation.  8m  Cokm^ 
Pkifnelogic  Thtraptutiett  pao€  17. 

OORDIXIBR.  Tha  Gfoaa  and  Minuta  Anatomy  of  tha  Caatral 
larroua  Syatam.     With  fuU-paga  and  othar  Illua.        88.00 


MEDICAL  BOOKS. 


ntSLAHD.    TlM  Urate]  Affections  of  ChiMrMi.    2d  Ed.    94.00 

LEWIS  (BBVAN).  Mentel  IMsMtM.  A  Tezi-Book  haTing 
SpeeUl  Roferenoe  to  the  Patho!ofncal  Aspeete  of  Insanity.  26 
Lithocraphio  Platee  and  other  lllustfationa.     2d  Ed.     S7.00 

XAHH.    Manual  of  Psychological  Medidne.  $3.00 

PSRSHINO.  Diagnosis  of  Herroas  and  Mentel  Disease.  Dine- 
trnted.  91.26 

REGIS.    Mratal  Medicine.    By  H.  M.  BANiaarnB.  m.».   92.00 

STE4R1IS.  Mental  Diseases.  With  a  Digest  of  Lai»8  Relating 
to  Care  of  Insane.    Illustrated.        Cloth.  92.76;  Sheep,  93.26 

TXJKS.  Dictionary  of  Psychological  Medicine.  Giving  the 
Definition  of  Terms  and  the  Symptoms,  Pathology,  and 
Treatment  of  Mental  Disorders.     Two  Tolumes.  910.00 

WOOD,  H.  C.    Brain  and  Oyerwork.  .40 


CHEMISTRY  AND  TECHITOLOGY. 

special  CaUdogu*  of  Chemical  Book§  sen4  fn§  upon  applieaticn. 

ALLEH.  Commercial  Organic  Analysis.  A  Trsatise  on  the 
Modes  of  Assaying  the  Various  Cranio  Chemicals  and  Prod- 
ucts Employed  in  the  Arts,  Manufaeturss,  Medicine,  ete., 
with  Concise  Methods  for  the  Detection  of  Impuritiee,  Adul- 
terations, ete.    8to. 

Vol.  I.    Alcohols,  Neutral  Alcoholic  DeriTatives,  etc.,  Ethen 
Vegetable  Acids,  Starch,  Sugars,  etc.     3d  ^ition.     94.60 
VoL  Tl.  Part  I;     Fixed  OUs  and  Fats,  Glycerol,  ExploaiTes, 
'    ete.     8d  Edition.  93.60 

Vol.  II,  Part  II.  Hydrocarbons,  Mineral  Oils,  Lubricante, 
Benaenes,  Naphthawnes  and  Derivatives,  Crsosote,  Phenols, 
ete.     3d  Edition.  93.60 

Vol.  II,  Part  III.  Terpenes,  Essential  Oils,  Resins,  Camphors, 
ete.     8d  Edition.  In  Prooo. 

Vol.  Ill,  Part  I.  Tannins,  Dyes,  and  Coloring  Matters.  8d 
Edition,  Enlarged  and  Rewritten.  Illustrated.  94.60 
Vol.  Ill,  Part  II.  The  Aminee,  Hydrasines  and  Deriyattves, 
Pyridine  Basse.  The  Antipyretics,  etc.  Vegetable  Alka- 
loids, Tea,  Coffee,  Cocoa,  ete.  8vo  2d  Edition.  94.60 
Vol.  m.  Part  III.  Vegetable  Alkaloids^  Non-Basle  Vegetable 
Bitter  Principles.  Animal  Bases,  Aumal  Adds,  Cyanogen 
Compounds,  etc.    2d  Edition,  8to.  94.60 

V<^.  IV.  The  Protoids  and  Albuminous  Principles.  2d 
Edition.  94.60 

BAILBT  AlTD  CADT.    QnaUtetiTS  Chemical  Analysis.      91.26 

BARTLE7.  Medical  and  Pharmaceutical  Chemistry.  A  Text- 
Book  for  Medical,  Dental,  and  Pharmaceutical  Students.  With 
Illustrations,  Glossary,  and  Complete  Index.    6th  Ed.    93.00 

BARTLST.  Clinical  Chemistry.  The  Examination  of  Feces, 
Saliva,  Gastric  Juice,  Milk,  and  Urine.  New  Edition.  InFrou. 

BLOZAM.  Chcmistryt  Inorganic  and  Organic.  With  Experi- 
ments.   0th  Ed.,  Revised.    284  Engravings.  96.00 

BT71IGB.  PhyBiolofdc  and  Pathologic  Chemistry.  From  the 
Fourth  German  Enlarged  Edition.  93.00 

CALDWELL.  Elemrats  of  QuaUtetive  and  QuantitetiTe  Chem- 
ical Analysis.    8d  Edition.  Revissd.  91.00 
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CAMBROH.    Soap  and  CtodlM.    M  Illiirtmtionik  92J00 

CLOWES  AHD  OOLBMAH.    QoantitatiT*  Analyria.     Sth  Edi- 

tion.     126  niiutniioiu.  $AJO 

COBLBRTZ.    Vohunatrk  Analyria.    lUiutratod.  91  J» 

OOBODOlf.    Luhontoij     Inttrnctlons     in     ChtmJitiy.    Witb 

Nuhmtoui  Tablet  and  66  lUustrationa.  91X10 

OARDMBR.      TiM  Brtwar,  DiatUtert  and  Wine  Manufaetorar. 

lUiMtemtwl.  91M 

ORAT.    Phyaica.     Voluma  L     Dynamioa  and  Propartiaa  of 

Mattor.    360  Illuatrationa.  t4.60 

OROVBS  ABD  THORP.    Chamkal  Technology.    Tim  Applxoa> 
tion  of  Cbomiatry  to  tha  Arts  and  Manufaotoraa. 
VoL  I.  Fuel  and  ita  Applieationa.    607  Illustrationa  and  4 
Plataa.  Qoth,  66.00;  i  Mor.,  S6.60 

Vol.  II.   Ui^tina.     lUuatratMl.       Cloth,  $4.00;  (  Mor.,  66.60 
Vol.  III.  Qaa  USitinc.  Qoih,  63.60;  (  Mor.,  64.60 

Vol.  IV.  EUotrio  Lighting.    Photomatry. 

Qoth,  13.601  k  Mor.,  64.60 
HBUSLBR.    Tha  Chamlatry  of  the  Tarpanaa.  64X)0 

HOLLABD.  Tha  Urine,  the  Gastric  Contenia,  tha  Common 
Poiioniv  and  the  MUk.  Memoranda,  Chemical  and  Miero- 
Mopioal,  for  Laboratory  Uaa.    6th  fid.    Illuatrated.      61iX) 

LBFFMABB.    Compend  of  Medical  Chamlatry,  Inorganle  and 

Organic.  4th  Edition,  Revived.  61.00;  Interieaved,  61.26 
LBFFMABB.    Analysia  of  Milk  and  Milk  Prodncta.     ad  Edition. 

Enlarged.     Illustrated.  61.26 

LBFFMABB.     Water  Analyiia.    For  Sanitary  and  Taehnie  Pur- 

posee.     Illustrated.     6th  Edition.    Just  Rtady,  61.26 

LBFFMABB.    Structural  Formula.     Including  ISO  Struetural 

and  Stereo-Chemical  Formula.    12mo.    Interieaved.      61.00 

LBFFMABB  ABD  BEAM.  Select  Methoda  in  Food  Analyaia. 
Illuatrated.     2d  Edition.  /n  Press. 

MUIR.    Elements  of  Chemistry.  In  Prsss. 

MUTER.  Practical  and  Analytical  Chemlstrr.  3d  Ameriean 
from  the  Ninth  English  Edition.  Revised  to  meet  the  re- 
quirements of  American  Students.    66  Illustrations.        61.26 

OBTTEL.    Bzerdsss  in  Electro-chemistry.    Illustratsd.  .76 

OETTEL.    Electro-Chemical  Bzperimenta.     Illustrated.         .76 

RICHTBR.  Inorganic  Chemlstiy.  6th  American  from  10th 
Qerman  Edition.  Authorised  translation  by  Edoak  F.  Smtib, 
M.A ,  FH.O.    SO  Illustrations  and  a  Colored  Plate.  61.76 

RICHTBR.  Organic  Chemistry.  3d  American  Edition,  trana- 
lated  from  the  8th  German  by  Edoab  F.  Smitb.  Illua.  2  Tola. 
Vol.   I.  AUphatio  Seriee.    626  pagee.  63.00 

Vol.  11.  Carbocyclie  Series.     671  pages.  63.00 

ROCKWOOD.  Chemical  Analyais  for  Students  of  Medicine* 
Dentistty,  and  Pharmacy.    Illustrated.  61.60 

SMITH.    Electro-Chemical  Analysis.     3d  Ed.  80  Illua.    61.60 

SMITH  ABD  KELLER.  Ezperimenta.  Arranged  for  Studenta 
in  General  Chemistry.   5th  Edition.    Illustrated.  .60 

SUTTOB.  Volumetric  Analyda.  A  Systematic  Handbook  for 
tlie  Quantitative  Estimation  of  Chemieal  Substanoes  by 
Measure,  Applied  to  Liquids,  Solids,  and  Gasea.  0th  Edition, 
Revised.     112  Illustrations.  Nearly  Beady. 

TRAUBB.    Phyaico-Chemleal  Methoda.   97  niustratlona.    61.60 
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THRBSH.    Water  and  Water  SvvpUas.    8d  EdHion.  12.00 

ULZBR  AlTD  FRABITKSL.  Chemical  Ttchnlcal  Analyrit. 
Tranalatad  by  Fleok.     lUastrated.  91.26 

WOODT.  £iMntia]i  of  Chamiitry  and  Urinalyrit.  4th  Edition. 
IllustratMi.  91.60 

%*  Special  CalaioQu*  of  Book§  en  Cktmiatry  Atm  upon  apfrfieoMon. 

CHILDREN. 

BARR.    Mental  Defectives.     lUustratod.  In  Prett, 

HATFIELD.  Compend  of  Diaeaaee  of  Children.  With  a 
Colored  Plate.    8d  Ed.  SI. 00;  Interleaved.  S1.25 

IRBUUfD.  The  Mental  Affections  of  ChUdreo.  Idiooy,  Im- 
becility, Insanity,  etc.     2d  Edition.  $4.00 

POWER.  Snrgical  Diseases  of  Children  and  their  Treatment 
by  Modem  Methods.     Ulustrated.  S2.60 

8TARR.  The  DifestiTe  Organs  in  Childhood.  The  Diseasee  of 
the  Digestive  Organs  in  Infaney  and  Childhood.  8d  Edition* 
Rewritten  and  Enlarged.    Illustrated.  $3.00 

8TARR.  Hvgiene  of  the  Rtirsery.  Including  the  Qeneral  Regi- 
men and  Feeding  of  Infante  and  Children,  and  the  Domeetio 
Management  of  the  Ordinary  Emergencies  of  Early  Life, 
Massage,  ete.     6th  Edition.     26  Illustrations.  $1.00 

SMITH.    Wasting  Diseases  of  Children.    0th  Edition.         $2.00 

TAYLOR  AlTD  WELLS.  The  Diseases  of  Children.  2d  Edition, 
Revised  and  Enlarged.     Illustrated.    8vo.  $4.50 

DIAGNOSIS. 

BERRT.    Surgical  Diagnosis.  In  Press. 

DA  COSTA.  Clinical  Hematology.  A  Practical  Guide  to  Exam- 
ination of  Blood,  with  Reference  to  Diagnosis.  6  Colored 
Plates.  48  other  Illustrations.  Cloth,  $6.00;  Sheep,  $6.00 

DOUGLAS.  Surgical  Diseases  of  Abdomen*  with  Reference  to 
Diagnosis.     20  FuU-Page  Plates.    Cloth,  $7.00  ;  Sheep,  $8.00 

BMBRT.  Bacteriological  Diagnosis.  2  Colored  Plates  and  S2 
other  Illustrations.  $1.60 

MBMMIIIGER.   Diagnosis  by  the  Urine.    2d  Ed.    24IUus.    $1.00 

PBRSHIIIG.  Diagnosis  of  Hervous  and  Mental  Diseases. 
Ulustrated.  $1.26 

8TBSLL.    Physical  Signs  of  Pulmonary  Disease.  $1.26 

TTSOR.  Handbook  of  Physical  Diagnosis.  For  Studente  and 
Physicians.  By  the  Professor  of  Clinical  Medicine  in  the  Uni- 
versity of  Pennsylvania.  lUus.  4th  Eki.,  Improved  and  En- 
laiged.    With  2  Colored  and  66  other  Illustrations.  $1.60 

DENTISTRY. 

Spoeial  Cataioguo  of  DonUd  Book*  •oni  froo  upon  appfieofiea. 

BARRETT.  Dental  Surgery  for  General  Practitioners  and 
Studente  of  Medicine  and  Dentistry.  Extraction  of  Teeth, 
ete.     3d  Edition.     Illustratad.  $1.00 
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BEOOMBLX^  AnatMBy  and  BkfMiogf  of  the  Hwmaa  HMrth 
and  TMth.  Seoond  Editioa.  RariMd  and  Ealanad.  8S7 
handtoma  lUiutraUona.  Qoth,  f4.fi0;  liaathar,  $5.50 

FULBBItOWll.     OparmtiTa  DaatUtry.    niiMtratad.  92.2S 

OOROAS.  Dantal  Mmlkiiia.  A  Manual  of  Mataria  MrdSea  and 
Tharapautioa.    7th  Edition.  aoth.  $C00;  8baap,$5.00 

OOROAS.  Qnattiona  and  Anawan  (or  tha  Dantal  Stvdant. 
Embraeing  all  tha  tubjaeti  in  tha  Currieulum  of  tha  Dantal 
Btudant.    OetaTo.  $6.00 

HABRIR  PrindplM  and  Practica  of  DantislrT.  Indudiac 
Anatomy.  Physiology,  Patholqcy,  Tharapautioa  Dental  Bur- 

Sry,  and  Maohaniam.     13th  Edition.     RaTind  by  F.  J.  8. 
>aoAa,  M.n..  n.n.a.     ISfiOlllua.    Cloth,  $6.00:  Leathar,  $7.00 

HARRIS.  Dictionary  of  Dantiitry.  Inoluding  Dafinitiona  of  Buah 
Wordi  and  Phraaas  of  tha  Collataral  Seianoaa  aa  Partain  to  tha 
Art  and  Practiea  of  Dentistry.  0th  Edition.  RaTiaed  and 
Enlarged  by  FaantitANO  J.  8.  QosflAa,  m.».,  n.».a. 

Ck>th,  $5.00;  Leather,  $6JN> 

RICHARDSON.  Mechanical  Dentistry.  7th  Edition.  Thor- 
oughly Raviaed  and  Enlarged  by  Da.  Oao.  W.  WAamaii.  001 
Illttstrations.  Qoth,  $5.00;  Leather,  $6.00 

SMITH.    Dental  Matallnigy.    2d  Edition.    Illustrated.        92J0O 

TAFT.    Index  of  Dental  Periodical  Utaratwe.  $2.00 

TOMBS.  Dental  Anatomy.  263  lUuatrationa.    6th  Ed.  /•  Prsat. 

TOMBS.    Dental  Surgery.    4th  Edition.    280  lUua.  $44)0 

WARRBR.  Compend  of  Dental  Pathology  and  Dantal  Madirina. 
With  a  Chapter  on  Emarganoiea.    4th  Edition.    Illuatrated. 

$1.00;  IntarieaTed,  $1.25 

WARRBH.  Dental  Proathesit  and  Metallurgy.  120  lUna.  New 
Edition.  Enlarged  and  Revised.  NwHy  Beady. 

WBITB.    The  Mouth  and  Teeth.    lUuatratad.  .40 

DICTIONARIES.     CYCLOPEDIAS. 

GOULD.  The  Illustrated  Dictionary  of  Medicine*  Blolofy*  and 
Allied  Sciences.  Being  an  Ezhaustire  Lexicon  of  Mediciae  and 
those  Scienoea  Collateral  tcrit:  Biology  (Zoology  and  Botany), 
Chemistry.  Dentistry,  Pharmacology,  Mioroeoopy,  etc.,  with 
many  usetul  labies  and  numerous  fine  lUuatrationa.  1633 
pages.    Fifth  Bdition. 

Sheep  or  Half  Moroooo.  $10.00:  with  Thumb  Index,  $11.00 

Half  Ruaaia,  Thumb  Index.  912JO0 

OOULD.  The  Medical  Student's  Dictionarr.  nth  Bdition.  Il- 
lustrated. Including  those  Words  and  Phrases  generally  used 
in  Medicine,  with  their  Proper  Pronunciation  and  Definition, 
Based  on  Recent  Medical  Literature.  With  Table  of  Epo- 
nymio  Terms  and  Teste  and  Tables  of  the  Bacilli,  Microoooei, 
Mineral  Springs,  etc.,  of  the  Arteries,  Muscles,  Nerves.  Ganglia, 
Plexuses,  etc.  Eleventh  Edition.  Enlarged  and  illustrated 
with  a  large  number  of  Engravings.    840  pages. 

Half  Moxt)oco,  $2.50:  with  l^uinb  Index.  $3j00 
Flexible  Leather,  Burnished  Edges,  Thumb  Index,  $3.50 
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OOULD.  TlM  Pocktt  Pronoimciiic  Medical  Lexkon.  4tli  Bdi- 
tion.  (30.000  Medieal  WorcU  PronounMd  aad  Defined.)  Con- 
teininf  all  the  Words,  their  Definition  and  PTonunoiatio&, 
that  toe  Medieal,  Dental,  or  Pharmaoeutieal  Student  Gener- 
ally Cornea  in  Contact  with;  alao  Elaborate  Tables  of  Epo- 
nymic  Terms,  Arteries^  Muscles,  Nerves,  Baeilli,  ete.,  ete.,  a 
Dose  List  in  both  Ensbsh  and  Metric  Ssrstems,  etc.,  Airanced 
in  a  Most  Convenient  Form  for  Reference  and  Memorisins. 
Fourth  Edition,  Revised  and  Enlarged.  838  paces. 
Full  Limp  Leather.  Qilt  Edges,  $1.00:  Thumb  Index.  $1.26 
i6st000  Coi>ies  of  Gould's  Dictionaries  have  been  sold. 

GOULD  AlTD  PTLB.  Cvdopedla  of  Practical  Medicine  and 
Surgery.  Seventy-two  Spectal  Contributors.  Illustratod.  One 
Volume.  A  Concise  Reference  Handbook  of  Medicine,  Sur- 
gery, Obetetrics,  Materia  Mediea,  Therapeutics,  and  the  Vari- 
ous Specialties,  with  Particular  Reference  to  Diagnosis  and 
Treatment.  Compiled  under  the  Editorial  Supervision  of 
GnoBon  M.  Govld,  M.n.,  Author  of  *' An  Illustrated  Dictionary 
of  Medicine,"  etc.;  and  Wai/tub  L.  Ptlb,  m.d..  Assistant 
Surgeon  Wills  Eye  Hoepital:  formeriy  Editor  "International 
Meoiea]  Magasine,"  etc.,  and  Seventy-two  Special  Contribu- 
tors. With  many  Illustrations.  Larjiie  Square  Svo,  to  corre- 
spond with  Gould's  "Illustrated  Dictionary." 
FuU  Shsep  or  Half  Mor..  $10.00;  with  Thumb  Index,  $11.00 

Half  Russia,  Thumb  Index,  $12.00  net. 

GOULD  AlTD  PTLB.  Pocket  Cyclopedia  of  Medicine  and  Sur- 
gery. Bassd  upon  above  book  and  imiform  in  aise  with 
^•Glbnld's  Pooket  Dictionary." 

FuU  Limp  Leather,  GUt  Edgea.  $1.00 
With  Thumb  In^n,  $1.26 

HARRIS.  Dictionary  of  Dentistry.  Ineludin|r  Definitions  of 
Such  Words  and  Pnrases  of  the  Collateral  Sciences  as  Pertain 
to  the  Art  and  Practice  of  Dentistry.  6th  Edition,  Revissd 
and  Enlarged  by  FaaniifANn  J.  S.  Goboab,  m.Dm  n.D.s. 

Cloth,  $6.00:  Leather,  $6.00 

LOHGLBT.     Pocket  Medical  Dictionary.  Cloth,  .76 

TREVES  AlfD  LANG.    German-English  Medical  Dictionary. 

Half  Calf.  $8.26 

DIET  Ain>  FOOD. 

ALLBH.  Proteids  and  Albuminous  Principlss.  An  analsrtical 
Study  of  Food  Ptoduots.     2d  Edition.  $4US0 


BURNBTT.     Foods  and  Dietarisa.    A  Manual  of  Clinical 
etics,  with  Diet  Lists  for  Various  Diseases,  eto.    3d  Ed.    $1.60 

DAVIS.    Dietotherapy.    Food  in  Health   and  Dlseass.    With 

Tables  of  Dietaries,  Relative  Value  of  Foods,  etc.    3m  Cohtti, 
Phynolooie  TAsropnUies,  po^s  17. 

GRBEHISH.    Microecopical  BxaminatJon  of  Foods  and  Drugs. 
Illustrated.  $3.60 

HAIG.    Diet  and  Food.    Considered  in  Relation  to  Strength  and 
Power  of  Endurance.    4th  Edition.  $1.00 

LBFFMAim.    Seleet  Methods  In  Food  Analyiia.    2d  Edition. 
Illustrated.  In  PrM9, 
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EAR  (see  also  Throat  and  Nose). 

BURHBTT.    Hoaxinc  And  Bow  to  Kmp  It    Illuatfmtod.         .40 

HOVBLL.  DiiiMM  of  tbo  Ear  and  Haao-Pharynz.  Ineludiiic 
Anatomy  and  Phyaiolo|Ey  of  the  Orian,  tocethar  with  tha 
Traatmant  of  tha  Affaetiona  of  tha  Noae  and  Pharynx  whioh 
Cottduoa  to  Aural  Diaaaaa.     128  lUuatrmtioaa.     2d  Ed.     $5.fiO 

PRITCHABD.  Diiaaaat  of  tha  Ear.  4th  Edition.  Enlarsad. 
Many  Illuatrattona  and  Foriniil».  In  Ptmu, 

ELECTRICITY. 

BIOBLOW.  Plain  Talki  on  Medical  BlactridtT  and  Batteriaa. 
With  a  Therapautio  Index  and  a  Qloaiary.  43  lUustratione. 
2d  Edition.  91.00 

HBDLBY.  Therapeutic  Bleetricity  and  Practical  Muada  Taitinc. 
90  Illuatrationa.  $2.60 

JACOBT.  Blactrothera|»y.  2Toiumea.  Illuatrated.  SmCokm, 
Pkyntfloffie  Thmupmnctt  pag*  17. 

JOBBS.    Medical  Btoctrldty.    3d  Edition.     117  Blue.       $3.00 

EYE. 

A  Spteial  Cireular  of  Bock*  on  th$  Ey  oetU  Aree  upon  apgiieaHom, 

DARIBB.    Ocular  Therapeutica.    JuMt  Bmdy.  $3.00 

DOHDBRS.  Tha  Nature  and  Conaequencaa  of  AnomaUei  of 
Refraction.    With  Portrait  and  Uua.        Half  Moroooo,  $1.26 

PICK.  IMsaaiea  of  the  Bye  and  Ophthatanoacopy.  Tranelated 
by  A.  B.  Haim,  m.».     167  lUua.     Qoth,  $4.60;  Sheep.  $6.60 

OOULD  ABD  PTLB.  Compend  of  Diaeaaea  of  the  Bye  and  Ra- 
fraction.  Including  Treatment  and  Operationa,  and  a  Section 
on  Local  Tharapautioa.  With  Formula,  Useful  Tablee,  a 
Oloaaary,  and  111  Illua.«  aaveral  of  which  are  in  eolora.  2d 
Edition,  Rerieed.  Cloth,  $1.00:  Intarlaavad,  $1.25 

OOWBRS.     Ophthalmotcopy.    4th  Edition.    Illua.     In  Preu, 

ORBBFF.    The  Microecopic  Bzamlnation  of  the  Bye.    Illua- 
trated. $1.26 
HARLAN.    Byeaicht.  and  How  to  Care  f or  It.    Ulna.  .40 

bARTRIDOB.  On  tha  Ophthalmoecope.  4th  Edition.  With 
4  Colored  PUtaa  and  68  Wood-euta.  $1.60 

HARTRIDOB.  Refraction.  104  Illuatrationa  and  Teat  Typaa. 
12th  Edition,  Enlarged.  $1.60 

HABSBLL  AND  SWSBT.    Tkaatlaa  on  Diaeaeaa  of  the  Bye. 

With  263  niuBtrations.  $4.00 

HABSBLL  ABD  REBBR.    Muicular  Anomallaa  of  the  Bye. 

lUustmted.  $1.60 

HEBDBRSOB.     Botee  on  the  Bye.     138  Illua.    8d  Ed.       $1.60 

JBNBniOS.  Manual  of  OphthaJmoacopy.  06  Illuatrationa  and 
1  Colored  Plate.  $1.60 

MORTON.  Retraction  of  the  Bye.  Ita  Diagnoab  and  tha  Goi^ 
reetion  of  ita  Erroni.     7th  Edition.  In  Pma 

OHLBMANN.  Ocular  Therapeutica.  Authoiiaad  Tranalation, 
and  Edited  by  Da.  CBABLia  A.  OuTan.  $1.76 
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PASSOHS.    Etemratery  Ophtfaalmic   Oytiea.    Witb 

TDAtio  niuatimtiona-  t2  00 

PHILLIPS.  SpcctaclM  and  Eyeglanai.  Thmr  PnMription 
and  AdjustnMnt.     8d  Edition.     62  lUustrationa.  $1.00 

SWAHZT.  DiiMMt  of  tha  Sy*  and  Their  TMatment  8th 
Edition,  Reriaed  and  Enlaraed.  108  Illuatmtiona.  1  Plain 
PUt«  and  a  Zephyr  Teat  Card.  82.60 

THORINOTON.  Retinoicopy.  4th  Edition,  Carefully  Reriaed. 
Illuitrat«i  81.00 

THORINOTOH .  Refraction  and  How  to  Refract.  200  Uluatr*- 
tiona,  13  of  which  are  oolored.    2d  Edition.  81.60 

WALKER.  Student  Aid  in  Oiihthalmolocy.  Colored  Plata 
and  40  other  lUuatrationa  and  a  Qloaaary .  81 .60 

WORTH.    Squint :  Iti  Cauaea.  Pathology,  Treatment       82.00 

WRIGHT.  Ophthatanolocy.  2d  Edition,  ReYiaed  and  Enlajved. 
1 17  Illuatrationa  and  a  QloaMiy.  83.00 

FEVERS. 

OOODALL  AlTD  WASHBOX7RH.  Feren  and  Their  Treatment. 
IlluatratMi.  83.00 

WILCOX.    Fever  Nursing.    Juat  Beady,  81.00 

GYNECOLOGY. 

BTFORD  (H.  T.).  ICanual  of  Gynecology.  3d  Edition,  Reriaed 
and  Enlarged.    863  Illuatrationa.  83.00;  Sheep,  83.60 

FULLERTOH.  Surgical  Hurting.  3d  Edition,  Reriaed  and 
Enlarged.     60  Illuatrationa.  81.00 

GALABUI.  Diseaaes  of  Women.  Sixth  Edition.  By  Ax.rBBD 
Lbww  Gax<abin,  M.A.,  M.D.,  F.B.c.p.  6th  Edition,  Reviaed 
and  Enlarged.     284  Illuatrationa.    Oetovo.         Cloth,  86.00 

LBWSRS.     Diaeaaea  of  Women.     146  Illua.    6th  Ed.         82.60 

MOHTOOMSRY.  Practical  Gynecology.  A  Complete  Sya- 
tematie  Toxi-Boolc.  2d  Edition,  Reviaed  and  Enlarged. 
With  630  Illua.  Cloth,  86.00;  Leather,  86.00 

ROBERTS.  Gynecological  Pathology.  With  127  Full-page 
PUtea  containing  161  Figurea.  86.00 

WELLS.  Compend  of  Gynecology.  145  Illuatrationa.  3d  Edition, 
Reviaed  and  Enlarged.  81.00;  Interleaved,  81.26 

HEART. 

THORHE.  The  Schott  Methods  of  the  Treatment  of  Chronic 
Heart  Diseaae.    Fourth  Edition.     Illuatrated.  82.00 

HISTOLOGY. 

CUSHIIIG.  Compend  of  Histology.  By  H.  H.  Ciraaiva,  m.d., 
Demonatrator  of  Uiatolo^,  Jeneraon  Medioad  College.  Phila- 
delphi*.     Illua.    Nearly  Ready.         81.00;  Interleaved,  81.26 

LAZARUS-BARLOW.  Pathological  Anatomy  and  Histology. 
Rluatrmted.  86.60 
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imtUHO.  OvtUnw  of  Practical  HtololofT.  868  DliMtratioiM. 
2d  Edition.  RariMd  and  EnUriMi.     With  mw  IUih.        $2.00 

trbHR.  Hictolofy  nad  Mkracooakal  Anatony.  Edited  bj 
A.  BcMArum.  M.n^  UniTtnity  ol  Bradau.  fomariy  Damon- 
■trator  of  Histolocy.  Hanrard  Madioal  Sehool.  Fifth  Anar- 
i«aa  from  10th  Qonnaa  Edition.  Bariakl  and  Enlai«ad.  868 
niwtntionB.  9^J00 

HYGIENE. 

CAimBLD.  Hyclana  of  tha  Sick-Room.  A  Book  for  Nvraaa 
and  Othani.  Being  a  Brief  Conaideration  of  Aaepaia,  Anti- 
«apiia,  Diainfeotion,  BaeteriolocTt  Immunity,  Heatrng,  Vcnti- 
latioa,  ate.  81.26 

OOHH.    AizlaUtiiral  Bacttrlok>ffT.    lllaairated.  82.60 

COHH.    Bacteriology  of  Milk  and  lOIk  Prodncla.    Bhia.    81.86 

COPLDT.  Practical  Hygiene.  A  Complete  AnMriean  Tart- 
Book.     138  lUusirationa.     New  Edition.  Frtparmg. 

HAJtTSHORHB.    Onr  Homea.    Illuatrated.  .40 

KSNWOOO.  Public  Health  Laboratory  Work.  116  llloatra- 
tiona  and  8  Platea.  82.00 

LBPFMANN.  Select  Methoda  in  Food  Analyria.  68  lUuatm- 
tiona  and  4  Piacea.     2d  Edition.  In  Preaa. 

LBFFIEAHll.  Examination  of  Water  for  Sanitary  and  Technical 
Pnrpoeea.     6th  Edition.     Illuatrated.      Jutt  Rmdy.        81.25 

LEFFMANN.  Analytia  of  Milk  and  MQk  Pnducta.  Illiwtrated. 
Seeond  Edition.  81.26 

UHCOLR.    School  and  Induatrial  Hygiene.  .40 

McFABULHD.  Prophylasia  and  Peraonal  Hygiene.  Oara  of 
the  Siek.    8m  Coktn,  Pkynoiogie  TUnpniiica,  paga  17. 

HOTTER.  The  Theory  and  Practice  of  Hygiene.  16  Platei  and 
138  other  lUuatrationa.     8vo.     2d  Edition.  87.00 

PARKB8  AlTD  EBHWOOD.  Hygiene  and  Public  Health.  2d 
Edition,  Enlarged.    Illuatrated.  83.00 

R06SRAU.    DIainf action  and  DiainfectantL     niua.  824)0 

8TARR.  The  Hrgienc  of  the  Hunerv.  Including  the  General 
Re«men  and  Feeding  of  Infanta  and  Children,  and  the  Domea- 
tie  Management  of  toe  Ordinary  Emefgendea  of  Early  Life, 
Maamge,  ate.    6th  Edition.     26  lUuatrationa.  81.00 

STBVBHSOH  and  MURPHT.  a  Traatlaa  on  Hygiene.  By 
VaHoua  Authora.    In  three  octavo  volumea.     Illuatrated. 

Vol.  I,  86.00:  Vol.  II,  86.00:  VoL  IIL  86.00 

THRESH.     Water  and  Water  SuppUea.    8d  Edition.  82.00 

THRESH.  Examination  of  Water  and  Water  Suppliea.  In  Ptcm. 

WILSOH.  Handbook  of  Hygiene  and  Sanitary  Science.  With 
lUuatrationa.    8th  Edition.  88.00 

WBYL.  Sanitary  Ralationa  of  the  Coal-Tar  Colora.  Authorised 
Trandation  by  HaNBT  LmwruAMn,  M.n.,  pn.n.  81.26 

LUNGS  AND  PLEUILfi. 

KlIOPF.    Pulmonary  Tubercvloda.     Ita  Modmn  Prophylaxia  and 


Treatment  in  Special  Inatitutiona  and  at  Home,  illua.    83.00 
8TBSLU    Fhyrical  Signa  of  Puhnonary  Diaaoaa.    lUna.      81.26 


HBDICAL  BOOR&  ir 


MASSAGE.    PHYSICAL  BZBRCISB. 

OITLICK.  Physical  Bdncatioii  by  Muscular  Bzercise.  Iilii»- 
trated.    Jutt  £«ad]/.  .75 

OSntOM.  Kaasac*  and  the  Origbud  Swadish  MoTsmaata. 
Thair  Applieation  to  Varioua  Diaaaata  of  tba  Body.  A  Manual 
for  Sludanta,  Nurata,  and  Pbysioiana.  Fifth  Edition,  En- 
larfad.     110  Illustrationa,  many  of  which  ara  original.    $1.00 

MITCHELL  AUD  OULICK.  Mcchanotharapy.  Ezarcisa*  Ortho- 
pedicst  Maasaaat  Ocular  Corractionsv  ate  niuatratad.  8m 
C^^km,  PkyaiOooio  ThmrapnOiet,  btlow,    JuttRmdy. 

TREVES.    Phyaical  Education.     Ita  Valua,  Mathoda,  ata.       .76 


MATERIA  MEDICA  AND  THERAPEUTICS. 

BRACKEN.  Outlines  of  Mataria  Madiea  and  Pharmaoology.  $2.75 

COBLEHTZ.  The  Hawar  Ramadiaa.  Including  thatr  Synonsrms, 
Soureea,  Mathods  of  Praiwration,  Testa.  Solubilitiea,  Doaea, 
ate.    8d  Edition,  EnUrgad  and  Baviaad.  $1.00 

COHEH.  Ph/siologic  Tharapeutlca.  Methods  other  than  Drug- 
Giving  useful  in  the  Pravantion  of  Disease  and  in  the  Treat- 
ment of  the  Sielc  Mechanotherapy,  Mental  Tharapeutioa, 
Suggsetion,  Eleetrotharapy,  CSUmatolojfy,  Hydrotherapy, 
Pnauauttotharapy,  Proj^yuuda,  Dietetioa,  Organotherapy, 
Phototherapy,  Mineral  Waters,  Baths,  etc.  tl  Tolumes,  $to. 
Uiustrated.  (5u5MTtpfieii.}  Goth,  $27.60 ;  i  Mor.,  $38.60 
iSpiciaJ  DetertpliM  Ciremar  wQl  6s  —ni  upon  appKealion. 

OOROAS.  Dental  Medicine.  A  Manual  of  Materia  Mediea  and 
Tharapeutlca.     7th  Edition,  Reviaed.  $4.00 

OROFF.  Materia  Medioa  for  Nuraes,  with  Questiona  for  Salf- 
Kzamlnatioa.     2d  Edition,  Reviaed  and  Improved.         $1.25 

HELLER.    ITsssntisls  of  Mataria  Mediea*  Pharmacy,  and  Pra- 

scripdon  Writing.  $1.60 

HEWLETT.    Serum-Therapy*  Vacclnest  etc  $1.76 

POTTER.  Handbook  of  Materia  Medica,  Pharmacj.  and  Thara- 
peuticst  including  tiie  Action  of  Medicinee,  Bpecud  Therapeu- 
tioe.  Pharmacology,  etc,  including  over  600  Preeeriptioaa  and 
Formula.  0th  Edition,  Reviaed  and  Enlarged.  With  Thumb 
Index  in  each  copy.  Cloth,  f6.00;  Sheep,  $5.00 

POTTER.  Compend  of  Materia  Madiea*  Therapeutics,  and  Pre- 
scription Writing,  with  Special  Reference  to  the  Physiological 
Action  of  Drugi.     0th  Edition.  $1JX):  Intarlaavad.  $1.25 

MURRAY.    Rough  Notsa  on  Remedlea.    4th  Edition.         $1.25 

SATRE.  Organic  Materia  Mediea  and  Pharmacognoey.  An 
Introduction  to  the  Study  of  the  Vegetable  Kingdom  mm!  the 
Vegetable  and  Animal  Drugs.  Comprinng  the  Botanical  and 
Ph3rsieal  QiaraetetiaticcHnuroa,  Conatituente,  and  Pharm*- 
eopeial  Praparationa,  Inaeeta  Injurioua  to  Drugs,  and  Phanaa- 
eal  Botany.  With  seotione  on  Hiatology  and  Miaroteehnique, 
by  W.  C  Snvniia.  374  Uluatrationa,  many  of  whiah  are 
origlnaL    3d  Edition.  In  Pr—, 

SCOVILLE.  The  Art  of  Compounding.  8d  Edition,  Revised 
and  Enlarged.    Juai  Rtady.  $2.60 
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TAVBRA.    Mtdidiul  Pk&ti  of  flw  PhfllppiiiMu  $3.00 

WHITB  AlTD  WILCOX.  lUtarfai  Ibdica,  Pluuiiiacy»  Pbamui- 
coiocy.  and  ThorapovClci.  6th  AnMrioaa  Edition,  Bcfriaed  by 
Rbtnol»  W.  Wilcox,  m ji.,  m.b.,  ix^.,  ProfMior  of  GUnicau 
U«diei]M  and  Th«»p«atiOT  at  tha  Naw  York  Poat-Qndiiata 
If adieal  SohooL  COoth,  $3.00 ;  Laathar.  $3.fi0 

MEDICAL  JURISPRUDENCE  AlVD 
TOXICOLOGY. 

RBBSB.  Madkal  Jvrlapmdanca  and  Tozkolocy.  A  Tut-Book 
for  Madical  and  Ltjnl  Praotitionan  and  Stndanta.  Otb 
Edition.    Rariaad  by  Ubicbt  LiFFMAifN.  m.d. 

Cloth,  $8.00;  Laathar.  $3.60 

"To  tha  atudant  of  madiaaJ  jnrlaprudanoa  and  toziooloBy  it  is 
invaluabla,  ai  it  is  eondsa,  dear,  and  thorough  in  avary  raapaot." 
— Ths  Amtriean  Journal  of  tho  Modieal  Sdoneoo. 

TAHHBR.  Msmoranda  of  Poiaons.  Thair  Antidotaa  and  Taato. 
•th  Edition,  by  Db.  HnwnT  LnFFKAXN.  .76 

MICROSCOPY. 

CARPBIITBIL  Tha  Microteopa  and  Its  Ravslatioas.  8th 
Edition.  Bavisad  and  Enlanad.  817  lUnstrationa  and  23 
PUtaa.  doth,  $8.00;  Half  Morooao,  $0.00 

ORBBRISH.  Mkroacopical  Examination  of  Foods  and  Drugs, 
niustratad.  $3.60 

LBB.  Tha  Microtomist's  Vada  Macnm.  A  Handbook  of 
Mathods  of  Mieroaoopiaal  Anatomy.  887  Artiolsa.  6th 
Edition,  Enlan^ad.  $4.00 


OBRTBL.  Madical  Mkroacopv.  A  Quida  to  Diagnosis,  Ela- 
mantary  Laboratory  Methods  and  Mierosoopia  Taohnia.  131 
Illustrations.  $2.00 

RBBVBS.  Medical  Microscopy,  including  Chaptara  on  Baeuri- 
ology.  Neoplasms.  Urinary  Examination,  eta.  Numerous 
niustrataons,  some  of  which  are  printed  in  colors.  $2.60 

WBTHBRBD.  Msdical  Microscopy.  A  Quids  to  tha  Use  of  tha 
Mieroaoope  in  Praotieal  Medioina.     100  Illustrations.       $2.00 

MISCELLAREOUS. 

BBRBT.    Diseases  of  Thyroid  Gland.    Dlustratad.  $4.00 

BUXTON.    Aneethetics.    Dlustratad.    8d  Edition.  $1.60 

COHBN.  Organotherapy.  8o$  Cokon,  Pkvoioloffie  Thmtpmiia, 
pao§  17, 

FRBNXBL.    Tabatle  Ataxia.    Illustrated.  $3.00 

GOULD.  Borderland  Studies.  Miscellaneous  Essays.  12mo.  $2.00 

GOULD.  Biographic  CUnlca.  Volume  I.  The  Origin  of  the 
Ill-Uealth  of  DaQninoy.  Carlyla,  Darwin,  Huxley,  and 
Browning.  $1.00 

GOULD  Biographic  Clinics.  Volume  II.  Tha  Origin  of  the 
Dl-Health  of  Wagner,  Parkman.  Mrs.  Carlisle.  Spencer, 
Whittier,  Ossoli,  Qeorge  Eliot,  and  Nietacfae.  $1.00 


MEDICAL  BOOKB.  !• 

ORBSNS.  Madkal  SzuniBAtlofi  for  Lite  IntunuiM.  lUui.' 
With  oolored  and  otlwr  ESngravinci.     2d  Edition.      In  Pr§M. 

HAIO.  CftviAtion  of  DiiMM  by  Uric  Add.  Tbo  Patbolocy  of 
Hi|^  Arterial  Tonaion,  Haadacho,  BpUapay,  Qout,  Rbeuma- 
tiam,  Diabotaa,  BrishVa  DiaaaM.  ato.    6th  Edition.        S3.60 

HBHRT.    A  Practical  Traatiaa  on  Anamta.  Half  Cloth,  .50 

OSGOOD.    Tha  Winter  and  Ita  Dangare.  .40 

06LER.    Etsaya  and  Addresaei.  In  Ptmm, 

PACKARD.    Saa  Air  and  Saa  Bathing.  .40 

BICHARDSOH.    Long  Life  and  How  to  Reach  It  .40 

ST.  CLAIR.  Compend  of  Medical  Latin.  2d  Edition.    In  PrM9, 

SCHBUBB.    Diaeaeaa  of  Warm  Conntriaa.     Illuatratad.    $8.00 

USSIBR.  PnenmotherapTt  Aerotherapy.  Inhalation  Methoda. 
8m  Cohitn,   Pki/9ioiogie  ThtrapnsUea,  pa(f§  17. 

TURHBULL.    Artificial  Aneetheela.    4th  Ed.    Illua.  t2.60 

WARDEN.    Tha  Paris  Medical  SchooL  Papw.  .75 

WBBBR  AND  HDfSDALB.    CUmatolofT  and  Health  Reeorte. 

Inoloding  Minarai  Spring    2  Tola.    lUaatratad  with  Colored 

Maps.    Sm  Cohan,  Pkuatohgic  ThtrapauUea,  pa(f§  17. 

WILSON.    Tha  Summer  and  Ita  Diieaiet.  .40 

WINTBRNTTZ.  Hydrotherapy.  Tharmotharapy.  Phototherapy. 
Minarai  Watars.  Baths,  etc  lUoatratad.  Sot  Cohon,  Pk^oio- 
logie  ThtrajmUieB,  paoo  17. 

NERVOUS  DISEASES. 

DBRCUM.  Rest.  Suggestion*  Mental  Tharapevtica.  8o§  CoAan, 
Pkyoiologie  TkmraptuUeo,  pa(fo  17. 

GORDINIER.  Tha  Oroes  and  Minute  Anatomy  of  the  Central 
Nerrona  Syitam.  With  271  original  oolored  and  other  Illua- 
trationa.  Qoth,  $0.00;  Shaap,  S7.00 

GOWSRS.    Syphilis  and  the  Nenroua  System.  $1.00 

GOWBRS.    Manual  of  Diseasaa  of  tha  Nerroua  System.    A 
Complete  Text-Book.     Raviaad,  Enlarged,  and  in  many  parts 
Rewritten.    With  many  new  Illustrations.    Two  Tolumee. 
VoL  L  Dissaaee  of  tha  Nanrae  and  Spinal  Cord.     8d  Edition. 

EnlaiMd.  Ooth.  $4.00;  Sheep,  $6.00 

Vol.  IL  Dissaaee  of  the  Brain  and  Cranial  Nanrae;  Qanaral  and 

Functional  Diaease.     2d  Ed.         Ooth,  $4.00;  Sheep,  $6.00 

GOWBRS.    Bpilapsy  and  Other  Chronic  CouTulslTe  Dissaass. 

2d  Edition.  $$.00 

OOWERS.     Clinical    Lectures.     lUustrated.     Second    Series. 

JtMl  Ready,  $2.00 

HORSLBT.  The  Brain  and  Sphial  Cord,  tha  Struetura  and 
Funetiona  of.    Numeroua  Illustrations.  $2.60 

ORMBROD.  Diseases  of  the  Nenroua  System.  66  Wood  En- 
gravinga.  $1.00 

PERSHING.  Diagnosis  of  Nenroua  and  Mental  Diseasaa.  Illua- 
tmtad.  $1.26 

PRESTON.  Hysteria  and  Certain  Allied  Conditiona.  Thair 
Natuia  and  IVaatment.    Dlustratad.  $2.00 

WOOD.    Bialn  Work  and  Orerwork.  .40 
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nUKSDIO  (SM  also  lUn«ce). 

Spmiat  CmkUeo^m  •/  Bo«fa  /or  Nunm  ami  frm  nyoi*  •ppMoalliii. 
CAHFIXLD.    HijriMM  of  th*  Sick-RooiB.    A  Book  for  N 


and  Othon.  fioing  a  Britf  Conaidonition  of  Aflopda,  Aati- 
wpiia.  Diainfoetion,  Boetorloloorf  Immunity.  Hoatuc  mad 
VontiUtioB.  and  Kindrad  Subjacta  for  iha  Uaa  of  Nunaa  and 
Othar  IntaUiaani  Woman.  $1.36 


CUnr.    LaetBraatoHvnaaonlCadieiaa.    4th  Edition.       tl.M 

DAVU.  Bandating.  Ita  Prineis>lM  and  Prmatiaa.  IMOriciBal 
niiMtmtioBa.  JiJO 

PUIXBRTON.    OkaMrie  Haninc    6tii  Ed.  45  lUua.        tl.00 

FULLBRTOH.    Svrgieal  Bofiiac.    8d  Ed.    W  XUna.  $1.00 

OROFV.  liatarla  Madiea  for  Nuxaaa.  With  Qoaationa  for  8alf- 
Byaminatinn.     2d   Edition,   Bariaad  and  Lnprovad     $1.25 

HADLET.  Oanaralt  Madical,  and  Svrgieal  Nanlng.  A  iraiy 
Oomplato  Manval,  Tnnhidtng  Sielc-foom  Oookary.  $1.25 

HUMPHRET.  A  Manual  for  Nonaa.  Inalvding  Ganaral 
Anatomy  and  Fhyaiology,  Ifanacamant  of  tha  fiiak-room,  ata. 
24th  Edition.    70  UluatratioBa.  $1.00 

STARR.    Tha  Hjgiaoa  of  tha  Nonary.    Inoivding  tha  Ganaral 
Bagman  and  Faading  of  Infanta  and  Ghildran,  and  tha  Domaa 
tieManaflamant  ^tha  Ordinary  Enaiiaanaiaa  of  Eaily  Life 
HaaMga,  ate.    0th  Edition.    25  Dluatratioaa.  $1X0 

TBMPBRATURB  AND  CLINICAL  CHARTS.    Baa  paga  25. 

V08WINKSL.    Svrgieal  Nonlng.    Saaond  Edition,  Bnlaigad. 

112  Illuatntiona.  $L00 

WILCOX.    FavarNvaing.    JM$iB§ady.  $1.00 

OBSTETRICS. 

EDGAR.    Taxt-Book  of  ObaMika.    By  J.  Guyrov   £mij 
ica^  ProfaaMr  of  Obalatrioa  and  Climeal  Midwifery.  Madi 
Department  of  OomaU  Uniyernty.  New  York  aty,  eta.     1221 
lUnatntiona.   Jiut  Bwty.  Qoth.  $6.00;  Sheep,  S7.00 

FULLBRTON.    Obatetrle  Noning.    0th  Ed.    HIiul  $1.00 

LANDIS.  Coapend  of  Obetetrlca.  7th  Edition,  Bayiaad  by 
Wm.  H.  WnuB,  if.»..  Demonstrator  of  Oinieal  Ohalatriee, 
Jefferaon  Medieal  Coliaga.  52  Dlua.  $1.00:  Interleaved.  $1.25 

WINCKBL.    Text-Book  of  Otaletiica»  Including  tha  Pathology 

and  Tberapeutica  of  the  Puerperal  State.    Illuatratad.     $5.00 

PATHOLOGY. 

DANIEL.  Laboratory  Ezerciiet  in  Tropical  Medicine.  Just 
Ready,  $4.00 

BLACKBURN.  Autoaalea.  A  Manual  of  Autopdee  Dedgaad 
for  the  Uaa  of  Hoapitala  for  the  Inaane  and  othar  Publie  Inali- 
tutiona.    Tan  fuU-paga  FUtea  and  othar  Dluatrationa.    $1.S5 

COPUN.  Manual  of  PatholMy.  Including  Bacteriology.  Teeh  - 
nie  of  Poet-Mortema,  Mathoda  of  Pathologic  Saeaarch.  etc. 
8S0  niuatrationa,  7  Colored  PUtae.    3d  Edition.  $3.50 


MEDICAL' BOOKS.  SI 


DA  C06TA.  Cliaical  Hematolofy.  A  PnetiMl  Ouida  to  th* 
Rxfcmination  of  th«  Blood,  aa.  Colored  PIaIm  and  48  Bin*- 
tTmtiona.  Cloih»  96.00;  Sbcop,  S0.00 

LAZARUS-BARLOW.  Pathologieal  AnAtomy.  With7Golorad 
PlatM  and  171  other  Bluatrations.  $6.fi0 

LAZARUS-BARLOW.  General  or  Experimental  Pathology. 
Illustrated.     2d  Edition.    Juat  Btady,  S0.O0 

MacLEOD.    The  Pathology  of  the  Skin.    Colored  and   other 

Dlustrations.  96.00 

MARTm.  Manual  of  Pathology.  Bluetrated.  JtutBtady.  94.00 

ROBERTS.    Gynecological  Pathology.     Illustrated.  9S.00 

THATER.    Compend  of  Special  Pathology.    Illustrated. 

91.00;  InterleaTBd,  91.26 

THATER.  Manual  of  General  and  Special  Pathologr.  181 
Illustrations.  711  pages.  2d  Edition.  Full  Limp  Moroeoo, 
Qilt  Edges,  Roimd  Ck>men.  92.60 

VntCHOW.    Poit-Mortem  Ezaminatfons.    8d  Edition.  .76 

WHITACRB.  Laboratory  Text-Book  of  Pathology.  With  121 
Illustrations.  91.60 

PHARMACY. 

Sptdal  Caialoffu*  of  Book9  on  Pkannaey  •ont  frm  upom  applteafien. 

COBLBNTZ.  Manual  of  Pharmacy.  A  Complete  Text-Book  by 
the  Professor  in  the  New  York  CoUege  of  Pharmaey.  .  2d  Ed., 
Beirised  and  Enlarged.    437  Dlus.    Cloth,  93.60;  Sheep,  94.60 

COBLBNTZ.    Volumetric  Analysia.     Illustrated.  91.26 

BBASLBT.  Book  of  8100  PrescriptionB.  Colleeted  from  the 
Practice  of  the  Most  Eminent  Physicians  and  Surgeons — Eng- 
lish, Ftenoh,  and  American.  A  Compendious  History  of  the 
Materia  Medioa,  Lists  of  the  Doees  of  all  the  Officinal  and  Es- 
tablished Preparations,  an  Index  of  Dissases  and  their  Reme- 
7th  Edition.  92.00 


BBASLBT.    Dn^ciists'  General  Receipt  Book.    Compziaina  a 
Copious  Veterinary  Formulary,  Recipes  in  Patent  and  Pro- 


prietary Medicines,  Druggists' Nostrums,  etc. ;  Perfumery  and 
ConnetioB,  BeTorages,  Dietetic  Articles  and  Condiixienti,  Trade 
Chemieds,  ScienUfio  Processss,  and  many  Useful  Tables. 
lOtb  Edition.  92.00 

BBASLBT.  Pharmaceutical  Formulary.  A  Synopsis  of  the 
British,  French,  Qerman,  and  United  States  PharmaeopcMas. 
Comprising  Standard  and  Approved  Formulae  for  the  Prepara- 
tions and  Compounds  Employed  in  Medicine.   12th  Ed.  92.00 

GRBBHISH.  Microscopical  Examination  of  Foods  and  Drags. 
lUusuated.  SS^So 

ROBIHSOll.  Latin  Grammar  of  Pharmacy  and  Medldne.  4th 
Edition.    With  elaborate  Vocabulariee.    JuatRmdy.    91.60 

8ATRB.  Organic  Materia  Medlca  and  PharmacogBCsy.  An 
Introduction  to  the  Study  of  the  Vegetable  Kingdom  and  the 
Vegetable  and  Animal  Drugs.  Comprisng  the  Botanical  and 
Physical  Characteristics,  Source,  Ocostituente,  and  Pharma- 
eopeial  Preperaticms,  Insects  Injurious  to  Drugs,  and  Phar- 
macal  Botsiay.  WiUi  seetions  on  Histology  ana  Microtech- 
■iqne,  by  W.  C.  SriraMS.    974  Dlustratioaa.  Third  Editloa. 

/n  Pnu. 


SUBJBOr  GATALOOUS. 


•COVUXB.  Tht  Aft  off  Compooadlas.  Thinl  Edition.  Ro- 
▼iMd  and  EDlorsMl.    Juat  Beady.  Ckith.  t3.M 

STBWART.  Compond  of  Phannocr.  BoMd  upon  "Bomiiis- 
too'f  To3ct-Book  of  PhArmMy."  5th  Edition,  RaviMdm 
Aooordanee  with  tiio  U.  8.  PhanuMopoBla,  l8fN>.  Oomploto 
TnblMof  Motrie  and  En^idt  Weights  and  Moaraioa. 

tl.OO;  IntwIaa^rMl,  $1.25 

TAVBRA.    Mtdidnal  Pknta  off  tho  PUUppioMu  UJOO 

UHITBD  STATES  PHARMACOPCEIA.  7th  Dwsannial  Boriaioa. 
Oath,  t2.50  (postpaid.  92.77) :  Bhaap,  $3.00  (poatpaid,  $3.27) : 
IntariaaTml.  SiXJOCpoatpaid.  $4.50) ;  Printad  on  ona  »da  ol 
page  only,  unbound,  $3.50  (poatpaio,  $3.00). 

SatoctTaUaafromthalT.&P.    Being  Nana  of  tha  Moat  Impor- 
tant and  Uiaf  ul  Tablaa,  Printad  on  Separata  Bbeeta.        .26 

POTTER.  Handbook  of  Materia  Madka.  Ptaannacy.  and  Then- 
pentica.    500  Preeeriptions.    0th  Edition. 

Cloth,  $5.00;  Sheep,  $6.00 


PHYSIOLOGY. 

BIRCH.  PiBCtieal  Phydology.  An  Elementary  Glaai  Book. 
62  lUuatntiona.  $1.75 

BRUBAKER.    Text-Book  of  Phyiiology.    Illua.   J^aerty  Ready. 

BRUBAKER.    Coapend  of  Phydology.     11th  Edition.  Beriead 

and  Enlarged.    lUttatrated.  $1.00;  InterlaaTed.  $1.25 

JOHBS.    Ovtilnea  of  Pfayriotogy.    06  Uluatrationa.  $1.50 

ETREBS.  Handbook  of  Phydology.  17th  Authoriied  Edition. 
Beriaad,  Rearranged,  and  Enlarged.  By  Pbof.  W.  D.  Haixi- 
BvnroN,  of  Kinge  Collegs,  London.  681  Uluatrationa,  aome  of 
whioh  are  in  colors.  Cloth,  $3.00 ;  Leather,  $3.75 

LAHDOIS.  A  Test-Book  of  Human  Phyelology.  Inoluding 
Hiatolofy  and  Mioroeoopioal  Anatomy,  with  Speeial  Referenoe 
to  the  llequirementa  of  Praotleal  Medioine.  5th  Ameriean, 
translated  and  edited  from  the  last  Qerman  Edition  by  A.  P. 
Bnuivixm,  M.D.,  and  A.  A.  Eaiofm,  M.D.  In  iVaee. 

STARLXNO.    Elements  of  Human  Phyriology.    100  Dhia.    $1X0 

STIRUBO.  Outlinee  of  Practical  Physiology.  Inoluding  Gham- 
ical  and  Experimental  Physiology,  with  Speeial  Referanee  to 
Praetaeal  Medioine.    dd  Edition.     280  lUustrations.       $2X0 

TTSOH.    Cell  Doctrine.    Ite  History  and  Preeent  State.    $1.50 


PRACTICE. 

OOHBH.    Physiologle  Therapeutica.    The  Trsatment  of  Disease 
by  Methods  other  than  Drug-giTing.    8m  pape  17.      ,. 

PAGOE.    PractiGe  of  Medidne.    4th  Edition,  by  P.  H.  Pra- 
SiUTS.  if.>.     2  Tolumea.  Vol.  I.  $6.00;  Vol.  II,  $6X0 

FOWLER.    Dictionarr    of    Practical    Medicine.    By    Tarioua 
writers.    An  Eneyelop«dia  of  Medioine. 

Cloth,  $3.00;  Half  Moroeoo,  $4.00 


MEDICAL  BOOKS. 


OOULD  AND  PYLB.  Cydoptdia  of  Pnctkal  Xtdidas  and 
Svmry.  A  ConeiM  Rafersnm  Haadbookt  with  partioolar 
Reieranee  to  DUcnotia  and  TrMtment.  Editod  by  Das. 
OouxA  and  Ptlb,  Anutod  by  72  Spoeial  Oontributora.  IIluo- 
tratad.  one  Tolume.  Larie  Square  Ootaro,  Uniform  with 
"Gould'a  Illustratad  Dietionary?' 

SbMp  or  Half  Mor.,  $10.00:  with  Thumb  Index,  $11.00 

Half  Ruaria,  Thumb  Index.  $12.00 
4^  CompUU  dmerij)H9»  cireular  frm  upon  applioatum. 

OOULD  AND  PYLS'S  Pocket  Cyclopedia  of  Kedidne  and  Snr^ 

fery.     Based  upon  the  above  and  Uniform  with  "Gould'e 
*oeket  Dictionary."    Full  Limp  Leather,  QOt  Edsec,  Round 
Comer*,  $1.00;  with  Thumb  Index,  $1.26. 

HUGHBS.    Compend  of  the  Practice  of  Medicine,    eth  Edition, 

Revieed  and  Enlarped. 

Part  I.    ContinuedTEruptiTe,  and  Periodical  Ferere,  Dieeaee 
of  the  Stomach,  Inteetinec,  Peritoneum.  BUiary  Paeeacee, 
Liver,  Kidneye,  etc.,  and  Qeneral  Diaoaeee,  eto. 

Part  II.  DiaeaMe  of  the  Respiratory  Syitem,  dreulatory 
System,  and  Nervous  System;  Diaeaeee  of  the  Blood,  ete. 

Price  of  each  part,  $1.00;  Interlaaved.  $1.25 

Physidan't  Edition.  In  one  volume,  includiac  the  above  two 
parts,  a  Section  on  Skin  Diesases,  and  an  Indax.  6th  Re- 
vised Edition.     625  pp.    FuUMoioeco.  QUt  Edce,  $2.26 

TATLOR.    Practice  of  Medicine.    6th  Edition.  $4.00 

TYSON.    The  Practice  of  Medidne.    By  jAum  Ttsoh,  ma, 
Profeenr  of  Medicine  in  the  University  of  Penanrlvania. 
Complete  Systematic  Tsxt-book.  with  Special  Reference  to 
Diagnneis  and  Treatment.    3d  Edition*  Enlaried  and  Revised. 
Colored  Plates  and  125  other  Illustrations. 

Cloth,  $6.60:  Leather,  $6.60 


STOMACH.    INTESTINES. 

KEN  WICK.    Cancer  of  the  Stomach.    Jtut  Bsadu,  $3.00 

HBMMBTBR.  Diseases  of  the  Stomach.  Their  Special  Pathol- 
ogy, Diagnosis,  and  Treatment.  With  Sections  on  Anatomy. 
Analysis  of  Stomach  Contents.  Dietetics.  Surgery  of  the  Stom* 
aeh,  etc  8d  Edition,  Revised.  With  16  PUtee  and  41  other 
niustrationa,  a  number  oi  which  are  in  colors. 

aoth,  $6.00;  Sheep.  $7.00 
HBMMETBIt  Diseases  of  the  Intestines.  Their  Special  Path- 
ology, Diagnoeis,  and  Treatment.  With  Sections  on  Anatomy 
and  Phsrsiology,  Microscopic  and  Chemic  Examination  of  In- 
testinal Contents,  Secretions,  Feces  and  Urine,  Intestinal 
Bacteria  and  Parasitee,  Surgery  of  the  Intestines,  Dietetics, 
Dbsasss  of  the  Rectum,  etc  With  Full-page  Colored  PUtes 
and  many  other  Original  Illustrations.  2  volumec  Octavo. 
Price  oTeaeh  volume,  aoth,  $6.00;  Sheep,  $6.00 

SKIN. 

BULKLEY.    The  SUn  in  Health  and  Disease.    Illustrated.    .40 
CROCXBR.    Diseases  of  the  Skin.    Their  Description.  Pathol- 
ogy, Diagnosis,  and  Treatment,  with  Special  Reference  to  the 
Skin  Eruptions  of  Children.     3d  Edition,  Thoroughly  Revised. 
With  New  Illustrations.  Goth,  $6.00;  Sheep.  $6.00 

MacLBOD.  The  Pathology  of  the  Skin.  Colored  and  other 
Illustrations.  $6.00 


BVB^SOT  GATALOOUB. 


tCEAMBBKO.  PiwaMi  oi  tb»  UUtL  Sd  Edition.  BcrlMd  and 
aalaiBML     106  UliMlntloM.   OkytiuSl^lOsIatailMTwI.  tl.25 

TAH  HARUHOBH.  On  Skill  DJWMW.  A  Praetln]  BUnuAl 
of  Dianou  and  lYMtaMBt,  witii  SpmIaI  Ref «mM  to  DifFer- 
ontiia  DiaSBOM.  3d  Edition,  Rorfind  and  EnlanML  With 
Fonanla  aad  00  lUartrationa.  aoma  of  whieh  art  printad  in 
•oloia.  02.75 

SURGERY  AlVD  SURGICAL  DISEASES 
(Me  also  Urixiary  Organs). 


BERRY.    IMnaMt  of  tha  Thyroid  Gland.    Illiutratad.      04.00 
BERRY.    Surffical  Diagnoiis.  Jn  Preu. 

BIHIIIS.    OperatiTa  Surcery.    Illustrated.  Pnparing. 

BURRBLL  AHD  BLAKE.  CaM  Teachi&c  in  Surcery.  JuH 
Raady.  .76 

BUTLUl.  OytratiYa  Sorgory  of  Malignant  Ditoaw.  2d  Edi- 
tion,   niortratad.    OoUto.  S4.fi0 

CASPER  ABD  RICHTBR.    Functional  Bidnoy  Diacnotla.  01.60 

DAVIS.  Bandaging.  Its  Pxinoiplw  and  Praotioa.  108  Original 
lUoiAratioaa.  OLOO 

DBATEB.    Svigical  Anatomy.    A  Troatioo  on  Human  Anatomy 


in  ita  Applioation  to  Madieina  and  SunMy.  With  aboat  800 
rary  handsoiaa  f ull-paga  lUustrationa  CngraTad  from  Original 
Drawings  mada  by  spaeial  Artists  from  Dissoetions  propaiad 
for  tha  porpoos.  Tnxas  Tolumes.  Royal  Squaro  Octavo. 
By  8yk9orifiimk  sniy.    Nvm  JUady, 

Half  Moroaoe  or  Bhsap,  030.00;  Half  Russia.  033.00 

DBAVBB.  Appandidtis :  its  Symptoms.  Diagnosis*  Pathotogr, 
Trsatmtnt.  and  Complications.  £Iat>orataly  Illustratad  with 
Golorsd  Phuas  and  othar  lUus.    8d  Edition.      Nwhf  Readif 

DOUOLAB.  Surgical  Dissasss  of  the  Abdomen.  lUustratad 
by  20  Full-page  PUtaa.  Qoth.  07.00;  Sheep.  0^.00 

DULLES.  What  to  do  Flrrt  in  Accidents  and  Poisoning.  6th 
Bdition.     Maw  Illustrations.  Sl.OO 

FULLBRTOB.    Surgical  Runing.    8d  Ed.    00  lUus.         01.00 
HAMILTOB.    Lecturss  on  Tumors.    3d  Edition.  01.26 

HEATH.    Iflnor  Surgery  and  «««i<«g««»g     I2th  Edition,  Ra- 
▼imd  end  Enlarged.  106  Illus.,  Formubs.  Diet  List,  ate.  01.60 
HEATH.    CUnicalLectures  on  Surgical  Subjects.  02.00 

HORWITZ.  Cempend  of  Surgery  and  ^n^eglng.  InelwUng 
Minor  Surgeiy,  Amputations,  Fraetures.  Dislocationa,  Buzgi«u 
Dissasss,  ate.,  with  Differential  Disgnosis  and  Treatment.  5th 
Edition,  ireiy  muoh  Enlarged  and  Rearranged.  107  Dlus.,  08 
Formulik  Cloth,  01.00;  Intarlaavad,  01.26 

JACOBSOB.  Operations  of  SurgUT.  4th  Ed.,  Enlarged.  660 
Dlus.    Two  volumes.  Gloth,  OlOUX);  Leather.  012.00 

KEAY.    Medical  Treatment  of  OaU-Stones.  01.26 

KBHR.    Gall-stone  Disease.    Translated  by  Whxiam  WoTKTMa 

Shtmovb,  m.».  02.60 

MAKIBS.    Surgical  Bxperiencee  in  South  Africa.     1800-1000. 

Illustrated.  044)0 

MAYLARD.    Surgery  of  the  AUmentsry  CanaL    07  niustrationa. 

2d  Edition.  Rarised.  UM 


M  KDICAL  BOOKS.  U 


MOULLHI.  Ttit-Book  of  Sorgtry.  With  Special  Esferanee  to 
Traaimtnt.  8d  Ameriean  EditioB.  HtTued  and  edited  by 
JoM  V  B.  Hajoltom.  m.>..  lii.>.,  Profeeeor  of  the  Principles  of 
Snneiy  and  Clinical  Suigenr,  Ruah  Medical  CoUcce,  Cnieago. 
d23  JQluatrationi,  many  c»  wnioh  are  printed  in  colors. 

Cloth,  $0.00;  Leather,  $7.00 

VOSWnrCSL.  SurflcalHiiftiac.  Seeond  Edition,  Revised  and 
Bnlaxied.     Ill  Illustrations.  $1.00 


WALSHAM.    Kanaal  of  Practical  Surgery.    8th  Ed.. 

and  Enlarged.    622  Engravings  and  20  Skiagrams.     1227 


TEMPERATURE  CHARTS,  ETC. 

GRIFFITH.  Graphic  Clinical  Chart  for  Recording  Teaipera- 
tore*  Respiration»  Pulse*  Day  of  Disease*  Date*  Age*  Sex*  Occu- 
eatloa*  Name*  etc  Printed  in  three  colors.  Sample  copies 
free.  Put  up  in  looee  packages  of  fifty,  50  cts.  Price  to 
Hospitals,  fiOO  copies,  $4.00;  1000  eopiee.  $7.60. 

KBSirS  Clinical  Charts.    Seven  Outline  Drawings  of  the  Body 
on  which  may  be  marked  the  Course  of  Disease,  Fractures, 
Operations,  etc.     Each   Drawing  may   be  had  separately, 
twenty-five  to  pad,  25  cents. 


THROAT  AND  NOSE  (see  also  Ear). 

COHEN.    The  Throat  and  Voice.    Illustrated.  .40 

HALL.    Diseases  of  the  Hose  and  Throat.    2d  Edition.  Enlarged. 
Two  Colored  Plates  and  80  Illustrations.  $2.75 

HOLLOPBTER.    Hay  Fever.     Its  Successful  Treatment.    $1.00 

KHIGHT.    Diseases  of  the  Throat.    A  Manual  for  Students. 
Illustrated.    Jutt  Bmdy.  $3.00 

KTLB  G.  J.).    Diaeosi  of  the  Bar*  Hose*  and  Throat    A  Com- 
pend  for  Students.    Ulustrated.      $1.00;  Interleaved*  $1.25 

McBRIDB.    Diaeasss  of  the  Throat*  Nose*  and  Bar.     With  Col- 
ored Illustrations  from  Original  Drawings.    3d  Ed.        $7.00 


POTTER.    Speech  and  its  Defects.    Considered  Physiologicalhr. 
Pathologically,  and  Remedially.  $1.00 


URINE  AND  URINART  ORGANS. 

CASPBR  AND  RICHTBR.  Functional  Kidney  Diagnosis.   $1.50 

HOLLAND.  The  Urine*  the  Gastric  Contents*  the  Common 
Foisoas.  and  the  Milk.  Memoranda,  Ghemioal  and  Micro- 
seopical,  for  Laboratory  Use.  Dlustimted  and  Interleaved. 
$th  Edition.  $1.00 

KLBBN.    Diabetes  and  Glycosoria.  $2.5$ 


M  SUBJBCrr  GATALOQUB. 

mMMnOSR.  DkinoitobFtlMUrliM.  ad  Bditkm.  MlUi»* 
tifttioiia.  $1X0 

MORRIS.  Rmial  Snrverr*  with  Speeial  RaforanM  to  StoM  in  tb* 
Kidney  and  Ureter  and  to  the  Surgieal  Treatment  of  Oalenloaa 
Anuria.     lUuetratod.  t3.00 

MOULLIH.  Enlarcement  of  the  Proetate.  Ite  Treatment  and 
Radieal  Cnre.     3d  Edition.     lUiMtfmtod.  In  PrMt. 

MOULLIH.  Inflammation  of  the  Bladder  and  Urinary  Ferer. 
OoUto.  SLfiO 

TT80N.  Brichf  I  Diseaee  and  Diahetea.  Inoludina  Artielee  on 
Ocular  Manifestations  by  Prof.  O.  E.  db  ScHwanrm. 
Colored  Platee  and  other  Ulustrations.  2d  Edition.   In  PnM. 

TTSOH.  Guide  to  Examination  of  the  Urine.  For  the  Use  of 
Phsraioians  and  Students.  With  Colored  Plate  and  Nnmeroue 
ninstrations  engraved  on  wood.  10th  Edition,  ReTieed,  En- 
larsed.  and  partly  Rawrittea.  With  N«w  DluatratiooB.  JM$i 
BmSa  91M 

VANRUra    Chemical  Analyria  of  Urine.    89  Dlus.  tl.00 

VENEREAL  DISEASES. 

OOWBRSb    SyphlUa  and  the  Herroua  Syitam.  tl.00 

8TUR0IS  AND  CABOT.  Student's  Manual  of  Venereal  Diaeasee. 
7th  ReTiaed  and  EnlanBtd  Edition.     12mo  tl.26 

VETERmART. 

BALLOU.  Equine  Anatomy  and  Phjdokify.  20  Qiaphie 
Dluetrations.  $1.00;  Intarlaaved.  S1.25 


JACOBSOir.  Tho  Oporations  of  Surgery.  By 
W.  H.  A.  Jaoobson,  F.R.O.8.,  Surgeon  to 
Ouy'fl  Hospital ;  Consulting  Surgeon  Royal 
Hospital  for  Children  and  Women ;  and  F. 
J.  Steward,  f.r.c.8.,  Assistant  Surgeon 
Ouy's  Hospital.  Fourth  Edition — ^Revised, 
Enlarged,  and  Improved.  650  Illustrations. 
Two  Volumes,  Octavo,  1524  pages. 

Cloth,  $10.00;  Sheep,  $12.00 

**  The  important  anatomioal  pointa  are  elearly  eet  forth,  the 
eonditione  indicating  or  oontraindioating  operative  interferanea 
are  fiTen.  the  detail*  of  the  operationa  themaeivae  are  broui^t 
forward  prominently,  and  frequantiy  the  after-treatment  ie 
eoneidered.  Herein  is  one  of  the  etronc  pointa  of  the  book." — 
N^m  York  Mmiieal  Journal. 


**W«  know  of  no  MriM  of  books  ImrimI  by  any  houM  that  to 
fulljr  mMto  onr  muprartX  m  tboM  f  Qui«-Gomp«ndsT.  Hmst  art 
wtll  amncsd,  full  and  eoneiae,  and  are  really  the  beet  line  of 
laxt-booka  that  oould  ba  found  for  either  student  or  praetitioner." 

'      ■        Clinic 


BLAKISTON'S  ?0UIZ-COMPENDS? 

The  Best  Seriee  of  Menuale  for  the  Uee  of  Students. 

Price  of  each.  Cloth,  Si.oo.     Interleayed*  for  takinc  Notes*  $1.35 

Theee  Cempends  are  based  on  the  most  popular  text-books 
and  the  lectures  of  prominent  profeasors,  and  are  kept  constantly 
revised*  eo  that  they  may  thorooi^y  represent  the  preeent  state 
of  the  subjeete  upon  which  they  treat.  The  authors  hava  had 
lam  experience  as  Quii-Masters  and  attaches  of  colleges,  and  ars 
well  acquainted  with  the  wants  of  students.  The^  are  arrwifed 
in  the  most  approved  form,  thorough  and  concise,  oontaimnc 
nearly  1000  Illustrations  and  UthoBraph  platee,  inserted  wherever 
they  could  be  used  to  advantage.  Can  be  used  by  students  of 
any  coUegs.  They  contain  information  nowhere  else  collected  in 
such  a  condensed,  practical  shape. 

POTTBR.  HUHAH  ANATOMT.  Seventh  Edition.  138  Dlus- 
trations  and  10  Platee  of  Nerves  and  Arteries. 

H0OHBS.  PRACTICE  OF  MBDICmS.  Put  L  SixthEdition, 
Enlanped  and  Improved. 

H0GHBSw  PRACTICE  OF  MBDICmS.  PwtlL  SixthEdition. 
Revised  and  Improved. 

BRUBAKER.    PHTSIOLOOT.    Eleventh  Edition.    lUus. 

LAHDia    OBSTETRICS.    Seventh    Edition.     62    Ulus. 

POTTER.  MATERIA  MEDICA*  THERAPEUTICS*  AHD  PRE- 
SCRIPTION WRITING.    Sixth  Revised  Edition. 

WELL&    GYNECOLOGY.    Third  Edition.     146  Illus. 

GOULD  AND  PYLE.  DISEASES  OF  THE  EYE.  Second  Edi- 
tion.    Refraction,  Treatment,  Smgery,  etc     109  Illus. 

HORWITZ.  SURGERY.  Including  Minor  Surgery,  Bandaging. 
SuTfieal  Diseases,  Differential  Diagnoeie  and  Treatment. 
Fifa  Edition.  With  08  Formula  and  71  Illuetrations. 

LBFFMANN.  MEDICAL  CHEMISTRY.  Fourth  Edition.  In- 
cluding Urinalysis,  Animal  Qiemistry,  Chemistry  of  Milk, 
Blood,  TIsBuee.  the  Secretions,  etc 

STEWART.  PHARMACY.  Fifth  Edition.  Based  upon  Praf. 
Remington's  Text-Book  of  Pharmacy. 

BALLOU.  E9UINE  ANATOMY  AND  PHYSIOLOGY.  20  graphic 
niustrationa. 

WARREN.  DENTAL  PATHOLOGY  AND  DENTAL  MEDIONB. 
Fourth  Edition,  Illustrated. 

HATFIELD.    DISEASES  OF  CHILDREN.    3d  Edition. 

ST.  CLAIR.     Medical  Latin.     2d  Edition.  In  PretM. 

8CHAMBERG.  DISEASES  OF  THE  SKIN.  Third  Edition, 
Revised  and  Enlarged.     106  Illustrations. 

CUSHING.    HISTOLOGY.     Illustrated.  In  Prw, 

THAYER.    SPEaAL  PATHOLOGY.     34  Illustrations 

KYLE.      DISEASES  OF  THE  BAR*   NOSE*   AND  THROAT. 

86  Illustrations. 

2T 


DA  COSTA 


Clinical  Hematology 


A  Prucdcal  Guide  to  the  Examinmtion  of  the  Blood  bj 
Clinical  Methods.  With  Reference  to  the  Diagnosis  of 
Disease.     With  Colored  Illnstntions.  Cloth,  #5.00 

*i^*A  new,  thorough,  sTstematic,  and  comprehensiTe 
woik,  its  porpose  being,  first,  to  show  how  to  examine  the 
blood,  and  second,  how  to  diagnose  from  sach  examination 
diseases  of  the  blood  itself  and  general  diseases.  The 
antbor's  aim  has  been  to  cover  not  alone  the  field  of  original 
research,  bat  to  supply  a  book  for  the  student,  the  hospital 
ph3rsJcian  and  the  general  practitioner.  It  will  be  found 
wanting  in  none  of  these  respects. 


THAYER 


Manual  of  Pathology 

GENERAL  AND  SPECIAL 

Second  Edition.  1 3 1  Illustrations.  7 1 1  Pages. 
i2mo.  Full  Limp  Morocco,  Gilt  Edges, 
Round  Comers,  ^2.50. 

This  book  shows  evidence  of  clinical  as  well  as  pathologi- 
cal knowledge.  It  is  a  practical,  concise,  up-to  date  manual 
by  a  teacher  of  experience. 


The  Pocket  CyclopediaL  of 
Medicine  and  Surgery 

Pull  Limp  Leather,  Round  CiHiien,  Gflt  Ed|es,$LOO 
WKh  Thumb  Index,  $1^ 


Utdfbrm  %uHh  ^'GotOi's  Pbchtt  JHcHeiuuy 


»p 


A  coodae  pracUeal  voksme  of  nearly  600 
pages,  containing  a  Tast  amount  of  Infor- 
mation on  all  medical  lubjects,  tncUiding 
Diagnodi  and  Treatment  of  Dlicaae, 
with  Formulaa  and  P^cicrlptioni,  Emer- 
gendcsf  Pobooiy  Druga  and  Thdr  Uses, 
Nursing,  Surgical  Procedures,  Dose  List 
In  both  EngUsh  and  Metric  Systems,  etc* 

By  Drs.  Gould  and  Pyle 

Based  upon  their  large  ^Cyclopedia  of 
Medklne  and  Surgery.^     jl      jl      jl 


%*  This  is  A  new  book  which  will  proye  of  the  greatest 
▼alue  to  students.  It  b  to  the  broad  field  of  general  medi- 
cal information  what  "Gould's  Pocket  Dictionary"  is  to 
the  more  special  one  of  definition  and  pronunciation  of 
words.  The  articles  are  concise  but  thorough,  and  arranged 
in  shape  for  quick  reference.  In  no  other  book  can  be 
found  so  much  exact  detailed  knowledge  so  conveniently 
classified,  so  evenly  distributed,  so  methodically  gronped. 
It  is  Multum  in  Parvo,     Saaaplc  Fagca  Free. 


A  NEW  EDITION 


Crocker  on  the  Skin 


The  Diseases  of  the  Skin.  Their  Description,  Pathology, 
Diagnosis{  and  Treatment,  with  Special  Reference  to  the 
Skin  Eruptions  of  Children.  By  H.  Radcliffb  Crocker, 
M.D.,  Physician  to  the  Department  of  Skin  Diseases,  Uni- 
Tersity  College  Hospital,  London.     With  new  Illustrations. 

Third  Edition.  Rewritten  and  Enlarged 

OCTAVO.  JUST  RBADYi  CLOTH*  $5.00 

%*  This  new  edition  will  easily  hold  the  high  position 
given  the  previous  printings.  The  author  is  a  member  of 
American,  English.  French,  German,  and  Italian  Dermato- 
logical  Societies,  and  a  recognized  authority  the  world  over. 


STURGIS— MANUAL  OF 
VENEREAL  DISEASES 


By  F.  R.  Sturgis,  m.d.,  Sometime  Qinical  Professor  of 
Venereal  Diseases  in  the  Medical  Department  of  the  Uni- 
versity of  the  City  of  New  York.  Seventh  Edition,  Revised 
and  in  Part  Rewritten  by  the  Author  and  Follen  Cabot, 
M.D.,  Instructor  in  Genito- Urinary  and  Venereal  Diseases 
in  the  Cornell  University  Medical  College.  i2mo.  216 
pages.  Qoth,  #1.25 

%*  This  manual  was  originally  written  for  students' 
use,  and  is  as  concise  and  as  practical  as  possible.  It  pre- 
sents a  careful,  condensed  description  of  the  commoner 
forms  of  venereal  diseases  which  occur  in  the  practice  of 
the  general  physician,  together  with  the  most  approved 
remedies. 


FOR  THE  DISSECTING  ROOM 

IIolden*s  Anatomy — Seventh  Edition 
320  Illostrations 

A  Manual  of  the  Dissections  of  the  Homan  Body.  By  John 
Langton,  f.  r. c.  s.  Careful  iy  Revised  by  A.  Hewson,  m.  d.  , 
Demonstrator  of  Anatomy,  Jefferson  Medical  College,  Phila- 
delphia, etc.  320  Illustrations.  Two  small  compact  vol- 
umes.    i2mo. 

Vol.  I.  Scalp,  Face,  Orbit,  Neck,  Throat,  Thorax,  Upper 
Extremity.     435  pages.     153  Illustrations. 

Oil  Qoth,  ^1.50 

Vol.  II.  Abdomen,  Perineum,  Lower  Extremity,  Brain, 
Eye,  Ear,  Mammary  Gland,  Scrotum,  Testes. 
445  ptoses.     167  Illustrations. 

Oilcloth,  ^1.50 

Eeuh  volunu  sold  separately. 


Hughes    SLivd    Keith  —  Dissections 
lUustnLted 

A  Manual  of  Dissections  by  Alfred  W.  Hughes,  m.b., 
M.&.CS.  (Edin. ),  late  Professor  of  Anatomy  and  Dean  of 
Medical  Faculty,  King's  College,  London,  etc.,  and  Arthur 
Keith,  m.d.,  Joint  Lecturer  on  Anatomy,  London  Hospital 
Medical  College,  etc.  In  three  parts.  With  527  Colored 
and  other  Illustrations. 

I.     Upper  and  Lower  Extremity.    38  Plates,  116  other 
Illustrations.  Cloth,  ^3.00 

II.     Abdomen.     Thorax.     4   Plates,   149  other  Illus- 
trations. Cloth,  ^3.00 

III.     Head,  Neck,  and  Central  Nervous  System.      16 
Plates,  204  other  Illustrations.  Cloth,  $3.00 

Each  volume  sold  separately. 

*^*  The  student  will  find  it  of  great  advantage  to  have 
a  **  Dissector "  to  supplement  his  regular  text-book  on 
anatomy.  These  books  meet  all  requirements,  and  as  they 
can  be  purchased  in  parts  as  wanted,  the  outlay  is  small. 

SI 


EDGAR'S 

OBSTETRICS 

A  NEW  TEXT -BOOK 
1 22 1  niustradona 


Edgar's  Obstetrics  excels  all 
other  works  on  this  subject 
in  completeness,  in  uni- 
formity and  consistency  in 
arrangement,  thoroughness 
and  clearness  in  handling 
details,  and  in  the  number 
and  usefulness  of  its  illus- 
trations*     See  page  20* 


OCTAVO.     CLOTH,  $6.00  j   SHEEP,  $7.00 
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